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THE SEWING MACHINE... 
a recurring feature of the British domestic scene. 


Body and base plate pressure die cast And like countless other worthwhile products 
complete as one unit in aluminium alloy 


inks teahuaint tibiae: Miacbibens hae it embodies castings made by Birmal. 


Dependable Birmal! As necessary in their way 

as stitches in a well made garment, 

and as seldom in the public eye. 

For more than 50 years Birmal skill has set the pattern 
for so many first class castings... 

} in sewing machines and motor cars, 

in nuclear engineering and aeroplanes, 

And for many years to come, 
Birmal will continue to be relied on 


wherever the quality of castings counts. 


BIRMID WORKS SMETHWICK 40 STAFFS 





World-beating value 
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This machine represents outstanding 
value in universal millers, especially 
when you consider the high quality 
built into it. Ideal for tool-room use 
or short production runs. Unbeatable 
for consistent precision output with 
absolute minimum of maintenance or 
trouble. Only by omitting all unneces- 
MODEL : 
sary features can we produce this fine, 
heavily-built machine so inexpensively. 
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TABLE 
Working surface 40” x 10” 





Traverses—23” longitudinally— 
7%” transversely—14}” vertically 


Angular displacement of table— UNIVERSAL 
47 degrees either side 
MOTOR 


Choice of single speed or two-speed 4 or 4/5 H.P. MILLING 


UNIT CONSTRUCTION—Maintenance is much simpli- 
fied by the provision of self-contained units for the 
SPEED SELECTION eWMalliia speed change mechanism and the spindle gear-box. 
Easily read dial system for rapid selection These are flange mounted and easily withdrawn for 
of spindle speeds servicing. 
Range A: 12 speeds from 30-600 r.p.m. 
Range B: speeds from 60-1200 r.p.m. 
Range C speeds from 30-1200 r.p.m. 
(using 2-speed motor) 


FEED SELECTION 


Selection and engagement by two levers. 9 feed rates, from A 1] Cc as ' #4 K a & ios I ia L E Y L q p 
}” to 10” per min., or with 2-speed motor, 12 feed rates from 


4” to 20” per min 






P.O. Box 22, Ash Street, Leicester Telephone: Leicester 24154-6 Telegrams and Cables: Adcock, Leicester 


Built up to a standard-not down to a price 
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ZEISS 


RENOWNED THROUGHOUT THE WORLD—-MANUFACTURERS OF 
MORE THAN 4,000 DIFFERENT SCIENTIFIC AND 
OPTICAL INSTRUMENTS. 





























1 Interference Comparator or large Interferometer | 
| 

2 Involute Gear Tester | 

3 Gear Tooth Testing Machine 

4 Universal Measuring Microscope 

5 Universal Horizontal Metroscope 


To obtain further particulars of our full range of 
precision measuring instruments 
write to: 


CARLZEISS)  ¢- Z- SCIENTIFIC INSTRUMENTS LIMITED (CARI ZF ISS) 
| JENA | 12a GOLDEN SQUARE, LONDON, W.1 Tel: GER 4488, 1997/8/9 | JENA | 
Sole agents in the United Kingdom and Northern Ireland 
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CLEAR-CUT 
AIDS 


TO INCREASE 
PRODUCTION 


Every Clarkson cutter has 
three clear-cut advantages. 
A clear-cut saving in 
initial cost — that’s what 
buying at maker’s prices 
does for you. A clear-cut 
saving in production time 
— because the advanced 
design gives greater out- 
put. A clear-cut finish on 
the work itself. A finish 
that sets a new, high 
standard in milling. The 
Clarkson man would like 
to call and tell you more. 


May he ? 


CUTTERS 


ALL CLARKSON 


PRODUCTS 
— 
PELIVERY 


PER RETURN 


CUT WIT 





CLARKSON (ENGINEERS) LTD. 





NUNEATON Telephone : 2261 BELFAST Telephone : 20025 LEEDS Telephone: 26369 
NEWCASTLE Telephone: 2-5248 LONDON RiVerside 8241 BIRMINGHAM ViCtoria 3994 
BRISTOL Telephone : 2-8464 GLASGOW SOUth 1942 MANCHESTER ARDwick 4804 
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HOLO-KROME LTD 
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The name of SIMMS is as old 

as the Motor Industry itself. 

In 1901 they were making motor cars. 
They made the first high-tension 
magneto. Today, Fuel Injection 
Equipment and Electrical Equipment 
are their specialities. SIMMS 

use DIXOL Soluble Cutting Oils. 
So, two great names and two great 
reputations are joined. 

SIMMS in the equipment field, 
Wakefield-Dick in the lubrication 
field—each the finest 


of its kind. 


A No. 7 Ward Lathe turning 
a carcase for a 
SIMMS High Output Dynamo. 





in the motor industry 


SIMMS MOTOR UNITS LTD. USE 


)> <o) ie 


SOLUBLE CUTTING OILS 


WAKEFIELD-DICK INDUSTRIAL OILS LTD A member of the world-wide 
Castrol House, Marylebone Road, London, N.W.! Wakefield Castro! Organisatio:. 
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Comprehensive stocks 


Top quality may not be quite so rare as 
constantly maintained 


the four leaf clover, but be sure of obtain- 
ing the best by specifying Osborn engineers’ 
cutting tools. The range favailable’ includes 
almost every type of engineers’ cutting 
tool, and these are manufactured through- 
out from steelmaking to finished$product 
within the same organisation. 


Twist Drills 


: i Reamers 
Mi U S H F |... Milling Cutters 


‘ Titanic’ Milling Cutters 


= A G | 4 £ a RS Lathe and Planer Tools 


Toolholder Bits 


¢ U T T j a G Hand Chisels | 


Pneumatic Snaps and Chisels 


TOOLS ‘Hand & Heart’ Files | 


Hacksaw Blades 
Taps and Dies, etc. 
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FINE GTEELMAKERS STEELFOUNDERS ‘ENGINEERS TOOLMAKERS 





















Terrys Flexible Shaft 


Here’s the answer to your trans- 
mission problems—precision shafts 
which we can design and supply in 
any length or diameter. 


Terrys Suds Tubes 


Flexible, strong and easy to handle. 
End fitted with flat spring sheath to 
prevent fracture. Supplied in any 
length or diameter. 


Send for this useful book, 
Spring Design 
and Calculations 


Published by Terrys, this 
handy 130-page manual is of 
great practical value to 
users and buyers of springs. 
Send for your copy today. 
12/6 post free from address 
below. 
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~ Mass Production Units 


Terrys Belleville 
Washers 


Specially designed for long- 
life and hard wear. From 
-718” to 1-375” diameter. 


Terrys Circlips 


2” to 3” diameter. May we send 
you samples of circlips and a 
deflection chart for Belleville 
Washers now used extensively 
in press tool work? 


TERRYS 


HERBERT TERRY & SONS LIMITED, REDDITCH, ENGLAND. 
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\ Basic element of E.M.I. positioning 
system is 12-inch rotary inductosyn 
fYor-](-Maalellaid-teM-1at-1ale Mo} Me-1e)(-Mel-y-lalale] 





Angular positions are obtained 
ohYm LU laleial-toMe-]e\-Mi-teM[aldea-t-lel-1g 
top) or by pre-setting dials 
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Accessibility for servicing is 






a feature of the E.M.| 
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SALES LIMITED 
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The key to 
automation 


* off 


the peg " 





‘Progressive’ or ‘linked line’ or ‘off the peg’ automation means 
basically the same—Hymatic Automation. As far back as 1953 
Hymatic were turning out automatic linking devices, units 
with which you can link standard or near standard 

machine tools in your production line. The key is automatic 
linking equipment: and Hymatic are the people to cut the 

key. You can learn how automation ‘off the peg’ can be 
applied to your production line in a booklet called ‘Hymatic 
Automation’. It describes automatic linking devices and 

other automatic work handling equipment. Send for a copy 

to the Hymatic Engineering Co, Ltd, Redditch, Worcestershire. 
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You too may benefit by possessing one, or more, 
of these Machines. 


64 Page Bok 


A post-card or telephone call will bring you, by 
return of post, a 64-page catalogue giving full 
details of Machines and also showing typical 
examples of work done. A Specialist is available to 
discuss Multi-Spindle Automatic work with you. 





for further particulars write or telephone TODAY 


ROC KW E LL WELSH HARP, EDGWARE RD., LONDON, N.W.2. 


mAC HIN E TOOL 7 0. 


TEL: GLADSTONE 0033 
ALSO AT BIRMINGHAM —TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2822 
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at less cost 


This Furnace Charging Arm used less material 
and reduced machining time drastically ; 
when made as a one-piece casting in a 
modern steel foundry. Compared with earlier i 
production methods, a steel casting gave i 
increased resistance to thermal and mechanical 
shock loading, thus lengthening life expectation, 
and showed a direct cost saving 

of 15% on each arm. 





You can take advantage of steel foundry 
know-how and ensure that your steel components 
are produced economically by calling ina 

steel foundry engineer at the design stage. 
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THE BRITISH STEEL FOUNDERS ASSOCIATION 
Skt ey SS a he Se 
Broomgrove Lodge, Broomgrove Rd., Sheffield 
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| a 
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The Teddington Gauging Service 


includes the Design, 
Development and Manufacture of 
special purpose equipment 

for integrated manufacturing 


operations. 
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Designed and Manufactured by Teddington 
Industrial Equipment for the inspection of 7 
dimensions at once and simultaneous segre- 
gation of Tapered Roller Bearing Outer Races 
into 6 Classes at 900 races per hour. 


Supplied to British Timken Limited. 





TEDDINGTON INDUSTRIAL EQUIPMENT LIMITED 
Sunbury-on-Thames, Middlesex. 


Telephone : Sunbury-on-Thames 600. Grams & Cables : Teddequip, 
Sunbury-on-Thames, Telex. Telex : 2-2742 Teddcontsnbry. 
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buttoned up 


by 
MEASUREMENT 


Batch control for a liquid mix nowadays 
requires precise amounts of several ingredients 
to be dispensed in exact quantities. Too often 
this job still depends on a man with a bucket ¢ 
and a mind of his own. MEASUREMENT 


have replaced this uncertain method with a 





system of metered control. The quantities are pre-set on a dialled control panel and 
supplied to the mix, from a remote control point if necessary, at the press of a button. 


Quantities are precise, records are automatic, control is complete and the bucket is out. 


meters are matters for 


MEASUREMENT 


MEASUREMENT LIMITED (A Parkinson Cowan Company) 


Tameside Works, Dobcross, Near Oldham Telephone: Delph 424 (5 lines) Telegrams: Supermeter, Dobcross 


EXPORT ENQUIRIES TO: Parkinson Cowan Group Exports Ltd., 


Terminal House, Grosvenor Gardens, London, S.W.! Telephone: Sloane 0111/4 Cables: DISC, London 
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TABLE SIZES — a 
up to 25” x 120” cINCINNATE 


TABLE TRAVELS — 
up to 60° 


SPINDLE MOTORS — 
up to 50 h.p. 
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~’ KING 


the 

finest 
lifting 
tackle 
in the 
world Shas ee © untae 


CONVEYORS “SKI-WRACKER” 
OVERHEAD 


5 
IS — STACKING & 
GRABS STORING UNITS 











of Stevenage 
Materials Handling. Specialists 


REGISTERED TRADE MARK 
Write for further details and illustrated literature to: 


GEO. W. KING LTD 18 ARGYLE WORKS STEVENAGE HERTS. Telephone : Stevenage 440 











The Institution of Production Engineers Journal 
























ELECTROLYTIC 


MAREING SET 












1. @ Power Unit 

3. @ Bench type unit 
4. @ Applicator 

5. @ Pencil type earth 
6. @ Roller type earth 
7. @ Cleaning pad 


8. @ Electrolyte solution 
jar and brush 

















guick—economical{—naal 


Marking can consist of any typewritten characters or special devices, trade marks, etc. as desired. 
Hardened steel parts —especially finished productscan be marked quickly and neatly. Small 
components take only about five seconds each to complete. The ““GALTONA”™ method has been 
developed, tested and proved in our own works over a number of years so that we can 
recommend this improved technique with absolute confidence. Perfect results are obtainable 

even with unskilled operators. 


OTT E yd Limited 


== GALTON HOUSE, ELMFIELD AVENUE, TYBUAN, BIRMINGHAM, 24 


Telephone: ASHfield 1801 Telegrams: **Cogs, Birmingham" Telex No. 33366 








NORTHERN AREA OFFICE: Britannia House, Wellington Street, Leeds, 1. Telephone: Leeds 21212. 
LONDON AREA OFFICE: 240, Romford Rd, Forest Gate, London E.7. Telephone: Maryland 7304-5 
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... help Aldis 
to produce 
precision 

equipment at 

minimum cost 





Precision, strength and high quality finish - these are the prime requirements of 

Aldis Brothers Ltd. for their Aldislite Slide Projector. 

WOLVERHAMPTON die castings meet these requirements, in the largest and | 
most modern plant in the country, backed by nearly half a century’s experience | 
in the making of quality die castings. 


THE WOLVERHAMPTON DIE CASTING CO. LTD. 





GRAISELEY HILL WORKS, GRAISELEY HILL, WOLVERHAMPTON. Telephone: 23831 /6 


Half a million square feet devoted to the production of better die castings. 
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Someone once said ; 





‘* Money is like time — 

















use it or lose it! ”’ 
That goes for us piece-workers too. 
Give us the chance to earn more 


by producing more, and we pay 


dividends. 
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Companies investing in a realistic plant 
replacement policy find their reward in 
higher consistent output, keen and contented 
workpeople, and bigger profits. 


N 


When the machines in question are boring 
mills as popular as the Webster & Bennett, 
they are prepared to order well in advance. 
This is one of the reasons why we can seldom 
offer machines for early delivery. 


WN 


Ought you to see about a replacement order 
now ? 
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WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 


\ 
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Our range of small tools has now 


been extended to include Tangential Chasers. 


A wide range of popular sizes and threads is available from stock. 





Particulars and price list will be forwarded on application. 





LONDON OFFICE: 


BIRMINGHAM TOOL & GAUGE CO. LTD ee 
SOHO HILL, BIRMINGHAM 19 Telephone: 
Telephone : NORTHERN 3344 Telegrams : RELIEF BIRMINGHAM 19 a 


| Fs Birmtool, Cent. London. 


Beardmore 
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FROM NEW 
CARBIDE 
TOOL TONICS 


Carbide tools while consisting basically of sintered 













tungsten carbide, have now been given a tonic ‘lift’ by the 






special processing now carried out in an Edgar Allen factory 






newly erected for this purpose. 










By the inclusion in their composition of suitable carbides of 


various refractory metals, difficult to produce except under 






the closest technical and chemical control, the NEW 






‘Allenite’ range of Carbide Tools and Tips offer the 






advantages listed at the right. 






The outstandingly successful performance of ‘Plowrake’ 
















Tools in the planing of interrupted surfaces of steel castings is © /MPROVED PERFORMANCE 


in no small measure due to the properties of NEW © GREATER ABRASION RESISTANCE 


‘Allenite’. GREATER HARDNESS WITHOUT 
LOSS OF DUCTILITY 


@ LESS LIABILITY TO CRATERING 


a 


STAG ALLENITE carsioe roots 


For further details of this considerable advance 
in machining technique, write to:- 


ee —"xaexeeeaeeweeeewreeaeaes ee wo 4 

2 e 
Edgar Allen « Co. Limited | Iie: Conese 
Please post data on the new Allenite tools to: ; 
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The popular 
Lapmaster 24"—for 

parts up to 9#" 
diameter. 


LAPMASTERS (12’, 24’, 36’, 
48’, 72" and 84") are accurateto 
within onelight band (*0000116’) 
and produce a surface finish 
from 1 to 5 micro-inches or to 
your own requirements. They 
will lap from a turned face, mil- 
led face or even straight froma 
casting if of a precision nature. 
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PRODUCTION 










CosTs 


(abour-saving 


LAWRENCE ESTATE 


Here’s a two-way plan that 
will cut to a fraction the 
time and expense of lapping 
parts in steel, monel, 
bronze, cast iron, quartz, plastics, etc. If your 
production volume warrants it, invest in a 
LAPMASTER-—an automatic precision mach- 
ine for the high-speed, low-cost lapping of all 
materials in any quantities. It will literally 
pay for itself many times over in a matter 
of months. For smaller quantities let the 
LAPMASTER JOB LAPPING SERVICE look 
after all your lapping requirements. 

Whichever method you adopt you’ll get 
greater precision, improved product perfor- 
mance and a substantial reduction of your 
production costs. 


ad 3 00) ©} Oe od ©L—) 


Why not send us a batch of parts with your own 
accuracy specifications? We will lap them to your 
requirements and return them to you quickly with 
accurate data on production time and a cost 
quotation which will certainly interest and 
probably surprise you. 


POROSRTING 
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A set of technical 
booklets will gladly be 
sent on request. 





PAYNE PRODUCTS INTERNATIONAL LIMITED 
GREEN LANE - HOUNSLOW - MIDDLESEX 
Tel: HOUnslow 2205/6/7 Grams: PAYNPRO, Eounslow. 
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TOOLING 





REVOLUTIONISED | 





NEW 





TOOLING 


AIDS 
SERVICE 








GIVES OFF-THE-SHELF DELIVERY 


Here’s great news for British industry 

For the first time in this country a really complete range of 
standardised precision tooling aids is available for immediate 
off-the-shelf delivery. This service, developed by the Woodside Die 
Sinking Company, completely revolutionises production tooling. 
Now it is possible to choose all the tooling aids needed for a specific 
production requirement from a standard catalogue. Uneconomic 
‘“‘one-off’’ tooling aids are a thing of the past; so too are production 
delays and broken delivery dates—the Woodside service with 
off-the-shelf delivery has ended all that. 

The Woodside Tooling Aids Catalogue detailing the complete 

range is available on request, and a staff of experienced engineers 
is ready to help users plan their production tooling from the outset. 


Telephone: Horsforth 4251/4 Telegrams: Wooddie, Leeds 
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PRODUCTION | 


WDS TOOLING AIDS FOR INDUSTRY 
Woodside Die Sinking Company Limited, Aire Vale Works, Newlay,Leeds13 A bo Company 
Telex: 55185 
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FT - READY pinions off the shelf 


To make their STOCK CHAIN DRIVES even easier to install, RENOLD 
CHAINS LIMITED now offer a range of 64 STOCK PINIONS READY 
BORED AND KEYWAYED (BS taper keyways) FOR STANDARD SHAFT 
SIZES. These provide :— 


©THE CHEAPEST METHOD OF ATTACHING 
PINIONS TO SHAFTS 


©POSITIVE LOCATION ON SHAFT AND 
QUICK SIMPLE ASSEMBLY BY STANDARD 
KEY 


RENOLD. 









GQ —-the FIRST name in precision chain 
| Seo 


RENOLD CHAINS LIMITED - MANCHESTER 
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HIGH PRODUCTION 
DRILLING MACHINES 


Single or Multi- Head Machines |, 2, 3, 4 or 6 Spindles 
TYPE V20 





A simple, economic and efficient drilling machine for capacities up to 
1 in. diameter in mild steel and when required with reverse to spindle, for 
tapping up to 5/8 in. diameter in mild-steel. A 1 h.p. motor gives 9 spindle 
speeds through sliding gears. The V20 machine is available with sensitive 















hand feed only or with 4 rates of power feed and sensitive feed. Automatic 
trip for depth control is fitted to all machines with power feed. 
Reverse to spindle for tapping is offered in two forms:- 
1. Hand-operated electric reversing switch. 
2. Automatic by pre-set adjustable trips controlled by spindle travel. 
Both table and spindle head have vertical adjustment. 
Write for full details of the V20 K & W machine which can also be 
fitted with various multi-spindle drill heads with fixed or adjustable centres. 





Three Head Machine. Hand Feed on Nos. 1 
@ and 2 Heads, power feed on No. 3 Head. 

Note Coolant Pump and fitting to each 
spindle. 











A single head. 
Type V20 Drilling Machine. 



















DIMENSIONS 





SPINDLE CENTRE TO COLUMN FACE (STANDARD MODEL) §8} in. 
SPINDLE CENTRE TO COLUMN FACE (EXPORT MODEL) 12} in. 





LENGTH OF FEED (HAND OR POWER) ... ae on 6 in. 
NUMBER OF SPEEDS ion oe ak se be oom 9 

TABLE WORKING AREA ae aoe ite 70) doe OX A3 Sn. 
H.P. OF DRIVING MOTOR es ane ve iis Soa! 9) As 
















K I T C H E N & WA D E L T ab € Member of the Asquith Machine Tool Corporation 


ARUNDEL STREET, HALIFAX, ENGLAND Telegrams : ‘KAW, Halifax’. Telephone 








: Halifax 67744 (3 lines) 
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A quiet revolution is taking place in the use of materials 
in Industry. 

As the value of first class functional design gains ever in- 
creasing appreciation, so the scope of the Industrial Designer 
becomes wider and his search for new materials more intense. 

This is why more and more designers have in recent years 
turned to Hawley Moulded Fibre with its distinct advantages 
over most conventional materials in resilience, versatility and 
strength/weight ratio. 

Now an even better material is available to Industry on a 
4 production basis. The new Hawley Aqueous Mix Polyester Glass 
4 Fibre mouldings, protected by patents in Great Britain and many 
other countries, offers unlimited scope. Thinner, lighter, yet 
stronger than ever before and available in a wide variety of 
attractive finishes, this new and revolutionary material must 
surely be of interest to all concerned with Product design. 
May we send you further information ? 
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These Antler suitcases, handsomely covered with PVC and 

fitted with a stainless steel section on the edges are a good 
example of functional design. A pair of plain shells with a 
glass fibre content weighs approximately 33 lbs and they 
have a tensile strength of 7500 Ibs/sq. in. and a flexural 
strength of 9500 lbs/sq. in. 





HAWLEY PRODUCTS LIMITED 
GARMAN ROAD - PARK ESTATE +: TOTTENHAM + LONDON : N.17 
TELEPHONE : TOTTENHAM 3262 








One of the Plessey Group of Companies 
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Manufactured under licence from Ferrand & Frantz Ing. Villeurbanne. 
British Patent No. 705,148 


BUSI N ESS The remarkable performance of REEL overhead 


cranes has been proved conclusively on hundreds of 


installations. The new approach to overhead crane 
design has put REEL well ahead. Conventional 
boxed lattice frames have been replaced by clean-lined 
girders providing greater strength and lightness, 





with a consequent saving in power consumption. 
REEL Cranes can be carried to within two or 
: IP three inches of the roofwork and are in capacities 
to suit your individual requirements. 
é Full information on request. 
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BRITISH INDUSTRIAL 


ENGINEERING COMPANY (STAFFS) LIMITED 
Coronation Works, Hainge Road, Tividale, Tipton, Staffs. Telephone: TIPTON 1222/3/4 
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Reactor 
pressure vessel 
stress relieving 

installation 
planned, erected 


and supervised 


Efco heating equipment inside 
the world’s largest reactor pressure 
vessel ever to be stress relieved. 


ELECTRIC RESISTANCE FURNACE CoO., LTD. 


NETHERBY, QUEEN’S ROAD, WEYBRIDGE, SURREY Weybridge 3891 


NRP R3054 
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A COMPLETE 
HANDLING AND 
STORAGE SERVICE 


Rubery Owen are specialists in 


s aetlieiiaeadl 


Storage and Materials Handling and all their 


equipment has been specially designed 
é = 


hamneell 





and manufactured to meet present day space-saving 


—_ 


requirements and makes valuable room 


available for production. 


A wide range of products is available— 


single and multi-tier shelving, 


tables, racks and partitioning. 
In addition there are pallets and work pans of 


all types for quick and easy handling. 


Our technicians are always pleased 


to give advice and to submit layouts of proposed 
) storage installations and materials 
, 


f 
1 
} slotted angle, steel flooring, cupboards, lockers, 
| 
| 
} handling schemes for approval without 


obligation to the customer. 
i= 
An erection service for stores installations is 


also available. 


Specify 
RUBERY OWEN equipment 


The Conveyancer Range of Fork Trucks is also produced within the Owen Organisation 
} 


RUBERY OWEN & CO. LIMITED - INDUSTRIAL STORAGE EQUIPMENT DIVISION 
WHITEGATE FACTORY - WREXHAM - NORTH WALES Tel: Wrexham 3566-8 





MEMBER OF THE OWEN ORGANISATION 
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SMALL BATCH PRODUCTION 


EXAMPLE SHOWN WAS 
BEING PRODUCED IN 
BATCHES OF FIVE FROM 13” 
DIA, 65 TONS PER SQ. INS. HEAT 
TREATED NICKEL CHROME 
MOLYBDENUM STEEL, ON A 
STANDARD CENTRE LATHE 
We OO ee Oe oe SOO 

TIME OF 30 MINS. EACH 


1010" DIA 











| HE | 3-1 CENTRE LATHE \ 
HYDRAULIC COPYING-AT- WITH HYDRAULIC COPYING ATTACHMENT 


TACHMENTS ARE AVAILABLE 
ON TYPES 13-1, 17, 21, 25. COMPLETED THE SAME OPERATION IN A FLOOR TO 


eek aiatiiism FLOOR TIME OF 6 MINUTES EACH, WITH A SET-UP 


GIVING MAXIMUM FLEXIBIL- TIME OF 35 MINUTES 
ITY FOR FACE AND LONGITU- 


DINAL COPYING A SAVING OF 85 MINUTES PER BATCH 


H TELEX No. 51-123 - TELEGRAMS: LATHES KEIGHLEY TELEX 
Dean m ith Grace ; TEL. No. 5261 (7 lines) 


KEIGHLEY ENGLANO 
LIMITED 


} 
We manufacture : 13-30" SWING ENGINE LATHES - SURFACING AND BORING LATHES - TOOLROOM LATHES 
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By designing for Araldite, South Wales Switchgear 

D E Ss | G N E D Ltd. have provided adequate protection for this 

3-phase voltage transformer without the use of oil. 

. The coils and insulators form a single casting of 

Araldite B, simple in design and easy to manufac- 

ture. Araldite casting resins do not shrink on 

setting, and are thereafter unaffected by very wide 

changes of temperature and humidity. Their 

properties also include remarkable adhesion to 

metals, ceramics, etc., high mechanical strength, 

freedom from chemical action and excellent 
dielectric properties. 
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Araldite epoxy resins are used 


@ for casting high grade solid insulation 


@ for impregnating, potting and sealing electrical 
windings and components 


Araldite Qiemraris 
@ for producing glass fibre laminates 

@ for producing patterns, models, jigs and tools 
docile td cistiered wide wats @ as fillers for sheet metal work 


@ as protective coatings for metals, wood and 
ceramic surfaces 


May we send you further details ? @ for bonding metals, ceramics ete. 












CIBA (A.R.L.) LIMITED Dusford, Cambridge. Telephone: Sawston 2121 
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Wherever power 






is used Crofts 


Variable Speed 









Drives play a 


vital role... 






Publication 5739/S 


CROFTS VARIABLE SPEED MOTOR GEARS: 


up to 5 h.p. available from stock — larger sizes available with short deliveries” 
variations up to 8.1 of a very wide range of output speeds 

















* Clean, safe, totally-enclosed drive 
* Vertical, universal and flange - mounting types 


* Combines electric motor, variable speed drive and world - famed Ritespeed 
reduction gear in one compact unit 


* Simple indicator -handwheel 


% Remote or automatic control supplied to order 


Also 


* Multispeed ’ 2, 3 and 
4-speed Geared Motors 


Variable Speed 
Pulleys 


Publication 5921/8 Publication 353/S 











CROFTS (ENGINEERS) LIMITED 


POWER TRANSMIS S 10 N Ew at UNE ER S 


Head Office: Thornbury, Bradford 3, Yorkshire. Tel.: 65251 (20 lines). Grams: ‘ Crofters 
Bradford Telex’ Telex 51186. 


Branches at: Belfast . Birmingham . Bristol . Cardiff . Dublin . Glasgow . Ipswich . Leeds . Liverpool 
London . Manchester . Newcastle . Northampton . Nottingham . Sheffield . Stoke-on-Trent 
Subsidiary Companies in Canada, South Africa and U.S.A. World-wide representation. 
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ir Gylinders & Valves 





Red Ring pneumatic equipment for power trans- 
mission is manufactured by the makers of fine machine 
tools who have many years of applied experience of air 
control and precision engineering behind them. 


Red Ringeliminates manual movement and reduces The simple basic 
4 Red Ring Control 


costs. Valve is adaptable 
Cylinders are made from 1” to 14” diameter and in for operation by hand, 


any length, and a full and varied range of valves and electrically or by 
foot whichever the 


controls is available for all applications. Dies 
application requires. 


manufactured by 


Mathers of ee eatin Tools 


STUART DAVIS LTD., Much Park Street, Coventry 
792 Cogent Telephone: Coventry 63091-2 
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Shell Ensis 356 -years off 











protection for the grid 


The great web of overhead lines which covers this 
country, the thousands of miles of conductors that 
stretch out over factory chimneys, along the sea 
shores, over rivers and estuaries, sets a particularly 
difficult corrosion problem. Everywhere there is a 
tendency for the protectives to drain away down 
the sagging curve of the lines, leaving the sections 
near the insulators bare. Every day these unpro- 
tected sections are attacked by the acid fumes of 
industrial areas, the mist and wind-borne salt from 
the sea. 

Here was a problem, indeed; to produce a protec- 
tive which would be liquid enough to apply in manu- 
facture, and yet on cooling would remain plastic 
and solid enough to resist the tendency to drain 
away under the heat of the summer sun. 

Shell spent many years examining these appar- 
ently contradictory requirements. Finally they pro- 
duced Shell Ensis Compound 356. A measure of the 


The Research Story 


success of their research is that 356 will add years 
to the life of s.c.a. conductors. Because of its unique 
qualities it was applied in the manufacture of the 
23 mile transmission cables spanning the estuaries 
of the Rivers Severn and Wye, one of the highest 
and longest river crossings in the world. 

The research that went into 356 is characteristic 
of the way Shell set about doing things. It was 
developed at Shell’s Research Centre at Thornton, 
and is the end product of a long line of protective 
greases. In its experimental form 356 was already 
being used by important manufacturers supplying 
the Central Electricity Generating Board. 

The moral of the story is that Shell research is 
supremely applicational. The centre at Thornton is 
always ready to work with even the most specialised 
sectors to produce the right protective for the job. 
If you and your organization have any major lubri- 
cating problems, it pays to get in touch with Shell. 


Special tests had to be developed to determine whether each of 
the many formulations examined would liquefy easily at critical 
temperatures and re-solidify without separation or change. At 
the same time the resistance to drainage at temperatures likely to 
be reached in summer had to be assessed. Stecl plates dipped 
under controlled time and temperature conditions in the liquefied 
protective were held in temperature controlled ovens for 24 hours, 
the weight of material drained was then measured. Formula after 


formula was tried and rejected, until one which gave a negligible 


drainage rate was finally arrived at. 


The arrows indicate that conventional protectives 
flow towards the sag point. This leaves the areas 
nearer the pylons unprotected. 


PETROLEUM BASED PROTECTIVES 


—another triumph of Shell research 
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ACREADY’S ==" 


STEEL 





Over 5,000 tons of it, is stocked in the 


large mew warehouse at Usaspead Corner, 
and whether your order arrives by letter, 
phone or telex, the Macready service ensures 
speedy delivery by our own fleet of lorries. 
Carbon and Alloy Steels, together with 


A.I.D. Bonded Steels, are held in our King’s 





Cross warehouse, and are handled and 


delivered expeditiously as all 








Macready Steel. 





MACREADY’S METAL CO. LIMITED y 
USASPEAD CORNER Lal 


PENTONVILLE ROAD - LONDON N.! \\; 
Telephone: TERminus 7060 (20 lines) - Telegrams: Usaspead, London, Telex * Telex No. 22788 a } 





This is an example of All-Welded Machine 

Bed Plates manufactured by this Company. 
The photographs show how well the 
complications of modern machine practice can 
te overcome by this modern method, 


resulting in great economies. 
ALL WELDED MACHINE BED PLATE 


















We can profile cut any 
shape in mild steel from 
1” to 6” in thickness. 
Our products are clean 
cut and necessitate the 
minimum of machining 
and finishing. They make 
for large economies in 
reducing the number of 
operations. Send your 
enquiries to :- 





FABRICATED BED PLATE 


460 MANCHESTER RD. BOLTON Phone BOLTON 4020 (3 LINES) TELEGRAMS ‘WAGON’ BOLTON 
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1860" 


ae MAGHINED IN 45 SECONDS 


This 12-spindle No. 10 Ryder Verticalauto produces 


two machined transmission countershaft gears at 





each index. 











Stellite and H.S.S. Tools cutting at moderate 





speeds and feeds have eliminated swarf problems and 





| \/ } 1 
| =! | | 


L. A nee, hydraulic operation of the mandrels and automatic 


pe hydraulic operation of the Loose Headstocks make 
3.592” DIA 


+ 


loading easy to achieve within the cycle time. 


VERTICALAUTO 


Thos. Ryder & Son, Limited, Turner Bridge Works, Bolton, England 
Makers also of single spindle Rydermatics and Piston Ring Lathes 
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THREAD CUTTING TOOLS 


le RS ee ee 


ee. eee Wee 506 Uk ee ae Cee PW NUE, COVENTRY 





Telephone : Tile Hill 66621 


‘‘Wimet”’ is the registered trade mark of Hard Metal Tools Ltd., a Wickman associated company. 493 ST 
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A REPORT ON 
PRODUCTION ENGINEERING 
IN THE BRITISH UNIVERSITIES 


by R. C. BREWER 


Department of Mechanical Engineering, 
Production Engineering Section, 


Imperial College of Science and Technology. 


T is not many years since there were virtually no production engineering 

activities in any of the British universities. As this Report wili shew, there is still 

room for expansion but the situation is considerably better than it was in the early 
post-war years. 

No fixed terms of reference were given to the author and he decided to consider 
the universities only, taking a university to be an institution in receipt of a grant 
from the University Grants Committee and having the power to confer degrees. 
This decision has had the effect of eliminating from consideration such institutions 
as The College of Aeronautics and the Colleges of Advanced Technology, but it was 
felt that there were too many and too great differences between the universities and 
the other colleges to make a homogeneous report. Something could, perhaps, have 
been achievec by dividing the report into two parts, but the author felt that the 
Colleges of Advanced Technology would be better dealt with in a separate report 
by someone more intimately connected with their recent developments. 

The Report of the Delft Conference! defines the purpose of a university in a 
manner with which few would quarrel — “ the purpose . . . is the development of 
a student’s ability to think logically, critically and constructively in relation to his 
chosen field of study; to acquire social interests and an appreciation of the broader 
field of facts and theories which may help him in later life . . .”. What is more 
controversial is the stage at which a university student may commence to study 
production engineering and yet still satisfy the above definition. Some people hold 
that this stage does not occur in the undergraduate years at all, i.e., that production 
engineering is essentially a post-graduate study in a university. Others would have a 
degree in production engineering with a course divorced from mechanical engineer- 
ing as soon as possible. 

It is the object of this report to tell, as objectively as possible, how the various 
universities have reacted to production engineering as a university study. In this 
connection, consideration has been given under three headings :- 





1. undergraduate courses; 2. post-graduate courses; 3. research. 


In order to give all essential information and yet not to burden the main text with 
over-tedious detail, rather liberal use has been made of Appendices. 

As far as possible, the author has avoided repetition of the Report of the Delft 
Conference which was concerned mainly with seeing how far university courses 
“could be matched with the present trends of production engineering education as 
seen by the Institution and as already practised in universities on the Continent ” |. 
The present report is largely a factual presentation of the contemporary position of 
production engineering in the various British universities. 
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Universities vary not only in the number of their 
faculties but also in the nature of them. Several have 


of Economics but it is proposed, next year, to make 
Economic Analysis a compulsory subject in Part II 


no faculty of engineering and, of those which have, although Industrial Organisation will still be optional 
many have no production engineering activities. Such in Part IIT. 

universities concern this report only in a negative way The University of Glasgow also goes outside the 
but, for completeness, they have been listed in realm of production technology and provides, in 


Appendix A. 


undergraduate courses 


addition to the lectures in Engineering Production, 
two additional lecture courses — one in Engineering 
Economics and the second in Industrial Psychology. 


There is no bachelor’s degree in Production Undergraduates may choose one or more of these 
Engineering in the strict sense of the word, i.e., there subjects. a 
is no undergraduate course which is specifically The University of Cambridge has three streams 
designed to cater for production engineers from the of students. One stream takes what is called the 
commencement of the first year. This is not to say Engineering Studies course, this leading to an 


that an undergraduate course in Production 
Engineering must be completely divorced from 
Mechanical Engineering syllabuses, but it is not 
clear whether the practice of introducing Production 


ordinary degree; this course and the honours course 
are common in the first year. In the second year of 
the Ordinary course there are lecture courses in 
Workshop Processes and Workshop Practice, while in 


Engineering as a bias to a mechanical degree is the third year, there is a course on Industrial 


based on conviction that this is the correct method 
of solution, or simply that it is administratively con- 
venient and, furthermore, evades what must be a 
most difficult policy decision, viz., whether there is 
a valid case for an undergraduate qualification 
devoted solely to Production Engineering. 

The amount of emphasis placed on Production 
Engineering in undergraduate syllabuses varies con- 
siderably. Many universities do little more than 
provide compulsory or optional courses of lectures 
covering the basic technological aspects of production 
in a rather introductory, and necessarily superficial 
manner. 

An instance of this is Manchester University, 
which offers Production Processes as an optional third 
year subject in the Ordinary course and has an 
arrangement with the Manchester College of Science 
and Technology whereby second-year students 
receive some lectures and practical work in Metro- 
logy. The University of Aberdeen includes only the 
subject “ Engineering Materials and Measurements ” 
in the first year of the ordinary degree. The Univer- 
sity of Liverpool includes a subject called Workshop 
Technology in the first and second years of the 
B.Eng. course; this includes both lectures and prac- 
tical work in metal cutting, foundry technology and 
metrology. University College, London, offers a half- 
course designated Production Engineering in the 
third year, but this course is coming up for review in 
the near future. At Imperial College, London. first- 
year students take the compulsory subject Mechanics 
of Manufacturing Processes and the treatment of 
production processes is completed, for many students, 
in the third year, where the first half of the optional 
course “ Production Engineering ” deals with machin- 
ing and machine tools. The second half of this third 
year course is devoted to an introduction to Industrial 
Engineering, thus taking the course out of the realms 
of pure technology. A third-year student may also 
take, as an optional subject, a course in Management 
and Business Administration; this course is provided 
by the London School of Economics, which is one 
of Imperial’s sister colleges in the University of 
London. Students at Queen Mary Coilege, London. 
may also take optional subjects at the London School 
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Administration and Economics. The other two 
streams are the “fast” and “normal” streams of 
the honours course. The “ normal” men take Part I 
of the Mechanical Sciences Tripos after three years’ 
residence. The “fast” men take Part I after two 
years, and can then take Part II of any Tripos in 
their final year. The majority, however, take Part 
II of the Mechanical Sciences Tripos, which, until 
recently, consisted solely of technological scientific 
subjects. 

Earlier this year, proposals concerning an industrial 
management course2 were accepted by the Univer- 
sity. These proposals were for one year’s course of 
lectures in the following subjects :- 


1. Quantitative Analysis and Control 
2. Human Behaviour in Industry 
3. Industrial Organisation 

4. Economics, Finance and Accounting 
5. The Social Environment of Industry 


The course and examinations are available to candi- 
dates holding Part I of either the Mechanical 
Sciences or Natural Sciences Tripos, Part II of the 
Mathematical Tripos, or Part I of the Mathematical 
Tripos together with one part of any other Tripos. 
Thus, the course could be regarded as post-graduate 
or undergraduate; it aims to give some insight into 
the fundamentals of the fields of knowledge which 
underlie the process of management. 

At the Part TI level of the Mechanical Sciences 
Tripos, a series of six lectures on Measurement is 
given in the first year “fast” and second year 
“normal” course, and the lectures on Workshop 
Processes (mentioned in connection with the ordinary 
degree) are given in the second year “fast” and 
third year “ normal ” courses. 

A degree in Production Engineering has been 
approved, in principle, by the University of 
Nottingham. For some time, there has been a 
Professor of Industrial Economics and lectures on 
Industrial Administration have been given by 
members of his staff to Mining and Engineering 
undergraduates. The appointment earlier this year. 
of Dr. W. B. Heginbotham to the Senior Lectureship 
in Production Engineering, now enables progress to 
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be made on the technological side and a start is 
being made, this academic year, with the introduction 
of some production subjects. 

Let us turn now to the universities which provide 
a definite bias towards Production Engineering. One 
of the oldest established of such courses is that at 
The Manchester College of Science and Technology. 
All students take Workshop Technology in the first 
and second years and Works Organisation in the 
second year. There is a special third year honours 
course for Production Engineering, some of the 
lectures being also taken by the third year ordinary 
students. The subjects available are set out in 
Appendix B. 

The course at King’s College, Newcastle (Univer- 
sity of Durham) follows a similar pattern, inasmuch 
as it is the third year before any special subjects are 
provided for the Production Engineers. Details of 
this course are also shewn in Appendix B. 

Although there is no specific provision for the 
granting of the B.Eng. in Production Engineering, the 
University of Sheffield offers several relevant courses. 
Engineering Manufacture is taken in each of the 
three years and is very broad in conception, includ- 
ing Metrology, Applied Statistics, Production Pro- 
cesses, Machine Tools, Jig and Tool Design, 
Metallurgy and a syllabus comparable to the former 
third section of the Institution’s Associate Member- 
ship examination. In addition, there is a course in 
Metallurgy in the first year and a course in 
Economics, Accounting and Law in the third year. 
This latter has replaced the former subject 
“ Engineering Economy and Management” as from 
October of this year. 

The Heriot-Watt College, Edinburgh has recently 
introduced new regulations which have increased the 
duration of the course from three to four years. The 
subjects Workshop Technology (second year), Prin- 
ciples of Engineering Production (third year) and 
Engineering Production (fourth year) cover the 
technological side. Industrial Administration is taken 
in both third and fourth years and Work Study in 
the fourth year only. In accordance with the modern 
trend, there is also a fourth year subject, “ Instru- 
mentation and Automatic Control ”. 

At the University of Leeds all mechanical engineer- 
ing students must take either Industrial Management 
or Industrial Relations in the second and third years; 
the lectures for these subjects are given in the 
Department of Economics. A more definite bias to 
Production Engineering is available by means of the 
subjects Production Engineering in the second year 
and Engineering Production and Administration in 
the third year. Since the titles of these subjects are 
somewhat vague, further details have been given in 
Appendix C. 

The Royal College of Science and Technology, 
Glasgow, at present offers a class in Production 
Engineering which is intended to give students taking 
a Mechanical Engineering degree, exemption from 
Section IIT of the Associate Membership examination 
of the Institution of Mechanical Engineers, but plans 
are being prepared to bring a higher proportion of 
Production Engineering into the Mechanical 











Engineering course. There is also a possibility that 
an Associateship course in Production Engineering 
may be offered. 


post-graduate courses 


As mentioned previously, there is a sharp division 
of opinion concerning the desirability of teaching 
production engineering at undergraduate level. There 
are those who think that production engineering has 
no place in the training of university undergraduates, 
those who feel that a fairly superficial treatment of 
the technological side may be given (though possibly 
only to the “weaker brethren” on an ordinary course) 
and, finally, those who approve of a much wider 
introduction of production engineering, either as a 
special degree or a pronounced bias to a mechanical 
engineering degree. 


Some of the chief objections which may be raised 
to production engineering as an undergraduate study 
are :- 


1. that undergraduate students are too immature 
to appreciate the aspects of the subject which 
deal with human behaviour; 


2. that the students’ mathematical knowledge is 
inadequate to deal with either the statistical 
analysis which is so essential to the operational 
research approach or the theory of plasticity, 
without which, much of the study of produc- 
tion processes must be merely semi-empirical ; 


3. that undergraduate syllabuses are too over- 
crowded to permit additional subjects and that 
all of the present subjects are too necessary to 
be eliminated; 


4. that production engineering is not parallel to 
the other branches of engineering but comple- 
mentary to them — it is implied in this that 
production engineering should be studied by 
men who have already qualified in their chosen 
branch of engineering. 


Counter-arguments, of course, might be put 
forward, e.g., that immaturity, in terms of years at 
least, does not prevent young men (and women) 
from reading for degrees in psychology or sociology; 
that much of the mathematics taught to under- 
graduates could be replaced, with much advantage, 
by a thorough grounding in statistical mathematics; 
that students should be thoroughly familiar with 
production processes before any mathematical 
theories of plasticity are introduced. 


The arguments concerning overcrowded syllabuses 
and production engineering’s relationship with the 
other branches of engineering are less easily 
countered, due to the fact that there is some element 
of truth in them — enough to make them con- 
troversial points. It is not the purpose of this report 
to argue the case for or against the extended intro- 
duction of production engineering at undergraduate 
level but, for those who feel agreement with points 
3 aud 4 mentioned above, the post-graduate course 
is an interesting alternative. 
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On such a course the students have already had 
their basic engineering education and the development 
of their training in production engineering may pro- 
ceed untrammelled by extraneous considerations. 
Furthermore, in the case of production engineering, 
it is not normal to accept students for a post- 
graduate course unless they have had a few years’ 
industrial experience and are thus in their middle 
twenties. 

Normally these courses are of a year’s duration, 
and are devoted to lecture-courses and research in 
approximately equal proportions. The usual qualifi- 
cation awarded upon successful completion of the 
course is a post-graduate diploma. This is to 
distinguish it from a higher degree granted for 
research (M.Sc., or Ph.D.) but it should be noted 
that Birmingham University grants an M.Sc. for 
such a course. This is the standard form for a 
master’s degree in American universities, most of the 
lecture-work corresponding to that given in the final 
year of an honours course in this country. Birming- 
ham, however, appears to be the only university in 
the United Kingdom which has departed from the 
practice normal in Engineering Faculties, of award- 
ing the M.Sc as a research degree. This departure is, 
in itself, not so serious as the fact that a master’s 
degree is awarded on the strength of only one year’s 
study, i.e., a student at Birmingham is awarded an 
M.Sc. for a course not materially different from that 
which would gain an Imperial College student only a 
College student would have to do two years’ research 
work in order to be eligible for an M.Sc., although 
for an internal graduate of London University, this 
may be reduced to one year; in this latter case, 
however, the whole year would have to be spent on 
research. It seems undesirable that several univer- 
sities should grant a post-graduate diploma while one 
awards what appears to be a superior qualification. 

The content of post-graduate courses is more 
varied than one might think, bearing in mind that 
a whole year of full-time study is available. Some 
schemes are predominantly biased towards the 
management side. Typical of these are the courses 
in Industrial Management of Glasgow and Cam- 
bridge Universities. The former course covers 
economics, law, psychology, sociology and statistics 
well but the subject designated Production Engineer- 
ing is, in fact, a misnomer and would be better 
entitled Industrial Engineering. The latter course has 
been mentioned in discussing undergraduate courses 
and, as pointed out, it is a post-graduate course for 
some students. Birmingham University offers a course 
which, on paper, appears to be no less biased towards 
the non-technological side, since only one subject out 
of eight is technological, viz., Production Technology. 
However, this encompasses production processes and 
metrology which, if dealt with adequately, would 
mean quite a considerable amount of technological 
lecture and laboratory work. It is certainly true to 
say that this course has been one of the most success- 
ful post-graduate courses in Production Engineering 
and has been supported by industry. Dr. N. A. 
Dudley’s recent appointment as Lucas Professor of 
Engineering Production is welcome to Birmingham, 
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since it means that the Head of the Department once 
more has professorial status, and to the profession as 
a whole since it restores the one chair of production 
engineering which existed in a British university* 
before Dr. T. U. Matthew’s resignation in August, 
1955. 


emphasis on technology 


Courses which tend to place the major emphasis 
on the technological side are those of King’s College 
(University of Durham) and the Manchester College 
of Science and Technology. The subjects for the 
King’s College diploma are Engineering Production 
Processes, Engineering Administration, Jig and Tool 
Design and Statistics. At the Manchester College of 
Science and Technology candidates for the Diploma 
in Technical Science are examined in six subjects 
from the following: Strength of Materials, Mathe- 
matics, Statistics, Electrical Measurement, Control 
Mechanisms, Theory of Metal Processing, Metrology, 
Production Control and Management Principles. 

The Royal College of Science and Technology, 
Glasgow, and the Imperial College, both offer courses 
in which technological and non-technological studies 
are quite well balanced. The Royal College of Science 
and Technology has a Department of Industrial 
Administration and the non-technological subjects 
are studied in this department in the third term; the 
Imperial College however, has only two faculties — 
Science and Engineering — and the non-technological 
work is shared between the Production Engineering 
Section of the Department of Mechanical Engineer- 
ing at Imperial College and the London School of 
Economics. The Production Engineering Section is 
responsible for the post-graduate course in Production 
Engineering. 

Both Colleges offer basic technological courses in 
production processes, machine tools, metrology and 
inspection. The R.C.S.T., also offers technological 
courses in jig and tool design and metallurgy, while 
Imperial College’s additional courses are concerned 
with automatic control, economics and plasticity in 
relation to production processes. 

The third term’s work at R.C.S.T. corresponds 
broadly to the Imperial College subjects of Industrial 
Management, Industrial Engineering and Industrial 
Sociology but Glasgow appears to have no equivalents 
for the Imperial College subjects, Statistics and 
Operations Research. Not all the subjects are com- 
pulsory at Imperial College but as the whole course 
has been discussed recently3, it is not necessary to 
elaborate, here, the way in which the choice is 
made. 

The differences in structure between the various 
post-graduate courses is most desirable, since it en- 
ables students to choose the course which satisfies 
their needs and/or interests best. 

The author’s impression is that well-qualified 
candidates for these post-graduate courses are not 
forthcoming in what could be regarded as adequate 





* This interprets a university strictly as defined in the intro- 
duction. There is, of course, a Professor of Aircraft 
Economics and Production at The College of Aeronautics. 
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numbers, from the point of view of the national need 
for good production engineers. The two chief 
aggravating factors are the need in most cases for 
financial sponsorship and the fact that, when people 
have reached the age at which they may be accepted 
for post-graduate studies in production engineering, 
they are at a point in their industrial career where 
their companies are most reluctant to lose their 
services for a complete year. It is to be hoped that 
in time this situation will improve. 

research 

The most curious feature of the research into 
technological subjects is the fact that, where it is 
done by a special production engineering department 
or section, it is concerned almost solely with the 
machining process. Instances of this are the Univer- 
sity of Birmingham and the three Colleges of Science 
and ‘Technology at London, Manchester and Glasgow 
(see Appendix D). 

The other production processes are almost invari- 
ably covered by universities in which there is no 
special group for production engineering, e.g., the 
work on (1) forging, extrusion and indentation at 
Manchester University; (2)  stretch-forming of 
titanium, deep-drawing and cold-rolling of sheet 
metal and tube-drawing at high speeds and loads at 
Sheffield University; (3) wire-drawing and _ strip- 
rolling at Leeds University. 

There are, of course, exceptions such as_ the 
research on the role of work-hardening in metal- 
cutting at Leeds University and the work of Tobias 
on milling machine vibrations, It is of interest to note 
that, at Imperial College, where the Production 
Engineering Section operates within the Mechanical 
Engineering Department, the research work on 
machining is done by the Production Engineering 
Section whilst that on the other production processes 
is covered by Professor Ford’s Applied Mechanics 
Group3. 

Of the production engineering departments or 
groups, as such, only those at Birmingham University 
and Imperial College cover the field of Industrial 
Engineering from within their own resources. It is 
thus not surprising that almost all the research in 
this field is covered by these two institutions. For 
convenience, it has been summarised in Appendix E. 
It should be emphasised, of course, that some of this 
work is of the type which leans heavily on statistical 
mathematics and may be comparable to work under- 
taken by Departments of Mathematics which have 
statisticians interested in operations research. It is not 
felt to be within the scope of this Report to report 
on work done by such departments, although it is 
deemed apposite to mention the point in passing. 

The research work follows the usual university 
pattern, i.e., it is done partly by members of staff 
and partly by students reading for the higher degrees 
of M.Sc. and Ph.D. 


conclusion 


The situation of production engineering in British 
universities has been surveyed as objectively as 
possible and, while there is certainly room for change 


and expansion, the position to-day is much better 
than it was in the immediate post-war years. It is 
felt by many people that the situation in other 
countries is very much better. In many cases, com- 
parison is difficult because of the differing ways in 
which universities have developed in different coun- 
tries but where comparison is possible, the results are 
sometimes surprising. For example, of 150 accredited 
universities in the U.S.A., only 29 offer degrees in 
either production or industrial engineering and six 
offer a mechanical degree with production or 
industrial engineering options. The author feels that 
most people in Great Britain regard the U.S.A. as a 
country where production engineering is on a par 
with other branches, particularly mechanical 
engineering. The figure of 29 is very low compared 
with that of 127 for accredited curricula in mechani- 
cal engineering and, as a percentage, is not appreci- 
ably different from the figure for the U.K. 

Apart from a numerical comparison, there is the 
question of the content of courses. Most engineers in 
this country know little of the curricula of American 
universities and to give them some idea of the 
American approach, the undergraduate and 
graduate} courses at Ohio State University and the 
graduate course at the University of Michigan are 
summarised in Appendix F. Both these universities 
are among the best in the U.S.A. and it is interesting 
to note that, as far as the author can ascertain, the 
University of Michigan is the only A.A.U.$ or A.A.U. 
accredited university with a separate Production 
Engineering Department. Again it would appear that 
we are on a par with the United States! There are, 
of course, a number of Departments of Industrial 
Engineering but for a balanced production engineer- 
ing education these are not really an_ entirely 
satisfactory substitute, as a glance at Appendix F will 
shew. 

The situation on the Continent is more difficult to 
compare with this country, because of the almost 
complete separation of the scientific and technological 
faculties from the Universities. A comparable 
situation in the U.K. would be one in which no 
university had a technical faculty and a number of 
“Imperial Colleges” would be situated in different 
regions and would all have the effective status of a 
technical university§. 

In most of the countries of Western Europe, there 
is only one technical institution of university status 
and either this must cater for production engineering 
or the country must do without such training at 
university level. For information, the Western 





+ American universities use the term graduate instead of 
post-graduate. 

t Association of American Universities. 

§ The more literal translation of the various terms école 
polytechnique, technische hochschule, tekniska hégskolan, 
etce., is “technical high school”. To avoid a misleading 
impression, the English translation, “ technical university ”, 
is usually employed, but it should be borne in mind that 
all these languages had words for “ university” which were 
deliberately ignored in creating titles for the technical 
institutions, 
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European universities which offer production and 
industrial engineering are listed in Appendix G. It 
should be mentioned however, that in these univer- 
sities, it has been the custom, for many years, to give 
appreciable training in production engineering to all 
mechanical engineering students. 

In considering the situatior: in the U.K. and 
comparing it with the continent and the U.S.A., it is 
clear that there is an urgent need for more chairs 
and readerships in production engineering, in order 
(a) to retain existing staff, who may well leave for a 
more financially attractive post in industry; (b) to 
attract men from industry and government depart- 
ments. Although both these aspects are important, 
it is obviously critical to retain the few existing staff. 

Assuming that staffs can be increased and hence, 
more post-graduate students accepted, the question 
of the financing of students arises. D.S.I.R. is 
obviously unable to bear the whole burden of 
financing advanced courses of study, and industry can 
help by sponsoring individual students or by establish- 
ing Advanced Study Studentships similar to the few 
Research Fellowships which already exist. Since the 
amount of research work which can be done by the 
universities is dependent on the number of higher 
degree students and research assistants, it is also 
essential that some attention be given to this when 
finance is being considered because, if there is one 


field of engineering in which this country needs to 
keep up-to-date, it is production engineering. 

We have neither the well-equipped producuon 
engineering laboratories of the Technische Hoch- 
schule (mainly provided by industrial money) nor the 
elaborate system of sponsored research which the 
U.S. Government Departments achieve by placing 
contracts with universities. Compared with either of 
these systems, the production engineering resources in 
British universities are meagre. 

A closer liaison with industry as a whole is 
required in order to keep the university departments 
in touch with the problems of industry. The work 
which the universities could do, under good condi- 
tions, would justify a Universities Sub-Committee of 
the Institution’s Education Committee. Perhaps some 
thought could be given to this. 
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APPENDIX A 
UNIVERSITIES WHICH DO NOT OFFER ANY 
COURSES OR LECTURES IN PRODUCTION 
ENGINEERING. 
The Queen’s University, Belfast. The Universities of 
Bristol, Edinburght, Exeter*, Hull*, Leicesterf, 
Oxford, Reading*, St. Andrews, Southampton and 
Wales. 
Of those teaching schools of the University of London which 
offer engineering subjects, King’s College does not offer 
courses in Production Engineering. 


APPENDIX B 


DETAILS OF THIRD YEAR PRODUCTION 
ENGINEERING SUBJECTS AT MANCHESTER AND 
NEWCASTLE. 

Manchester College of Science and Technology 
Mathematics and Mathematical Statistics 
Theory of Machines 
Strength of Materials 





t This applies to the University itself and not to the Heriot- 
Watt College. 

* No engineering faculty. 

+ An engineering faculty is, at present, being established. 
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Hydraulic Control 
Designing for Production 
Specification and Design of Equipment 
Power Station Practice 
Electrical Measurement and Control 
Metrology 
Theory of Metal Processing 
Commercial Law, Management Principles, 
Production Control, Labour Efficiency 
King’s College, Newcastle (University of Durham) 
Theory and Design of Machines 
Engineering Administration 
Engineering Production Processes 
Industrial Health 
and two of the following subjects :- 
Engineering Economics 
Fluid Mechanics 
History of Engineering 
Statistics 
Strength of Materials 


APPENDIX C 
DETAILS OF THE UNDERGRADUATE COURSE AT 
LEEDS UNIVERSITY. 
Engineering II (2nd year) — Production Engineering 
Metrology: Principles of measurement of length, angles, 
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APPENDIX C — continued 


straightness, flatness and surface finish. Interferometry. 
Systems of limits and fits. 

Machine Tools: The basic machine tools. Tool force 
and machinability. Tool life equations. Alignment tests. 
Economic aspects of alternative means of production. 
Engineering III (3rd year) — Engineering Production 
and Administration 

Plant Layout and Materials Handling 
Personnel Administration 
Work Study 
Factory Costing — Engineering Economic Analysis 
Theory of Cutting Tools 
Statistical Quality Control 
Engineering IV 

This course is for students reading for Honours. It is a 
course of advanced study which develops some aspect of 
the work covered in Engineering ILI, and in the case of 
Engineering Production and Administration it develops the 
theme of Production Planning and Control. 


APPENDIX D 
TECHNOLOGICAL RESEARCH. 


Birmingham University 
1. Determination of the factors involved in grinding 
efficiency. 
2. Effect of technical and human factors on design of 
machine tool controls. 
3. Design and development of a milling dynamometer. 
4. The limiting accuracy of surface finish measuring 
instruments, 
The Royal College of Science and Technology 
1. Methods of surface finish. 
2. Mechanics of honing. 
3. Fundamental work on metal-cutting. 
The Manchester College of Science and Technology 
1. Machining of carbon steels with carbide tools. 
2. Relationship between the physical properties of the 
work material and the cutting process. 
Investigation of the parameters which influence the 
change from one type of chip formation to another. 
. The effect of transient conditions on the steady state 
in machining, 
. The relationship between machining conditions, sur- 
face finish and fatigue strength for a light alloy. 
6. Stress conditions in hammer guides under various con- 
ditions of impact load. 
7. Fundamental research into machine tool design. 
Imperial College of Science and Technology 
1. Stiffness of machine tools. 
2. The validity of the plane strain assumption in ortho- 
gonal machining. 
. Toughness testing of very brittle materials. 
. Development of boride tool materials. 
. Dimensional analysis in machining. 
. The wear process in cutting tools. 
. The relationship between tool-life and the machining 
parameters. 
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APPENDIX E 
NON-TECHNOLOGICAL RESEARCH. 


Birmingham University 
1. Production losses when one operative attends a 
number of machines subject to random stoppages. 
2 Applications of linear programming to _ industrial 


problems. 

3. Study of multi-stage production lines and intermediate 
storage. 

4. Significance of output pattern research on incentive 
schemes and planning of production flowlines. 

5. Analysis of motion patterns. 

6. Establishment of motion time standards for simple 
manual tasks. 

7. Development of the work sampling technique. 

8. An investigation of trends in output rates with regard 


to operator training and production planning. 








The Imperial College of Science and Technology 


1. Variety reduction. 

2. Lot sizes in batch production. 

3. The utility of centralised feeder divisions as internal 
manufacturing divisions. 

4. Optimisation of the inspection function in a batch 


production company. 
5. Communication and control in an 
organisation, 
. Production control and industrial behaviour. 
Inventory and stock control. 
. Statistical applications in work measurement. 


industrial 


APPENDIX F 


CURRICULA OF TWO TYPICAL AMERICAN 
UNIVERSITIES 
Ohio State University 

Undergraduate subjects 
Motion and time study 
Methods analysis 
Work measurement 
Industrial quality control 
Plant equipment and design 
Principles of industrial engineering 
Work simplification 
Production programming 

Graduate course subjects 
Methods engineering 
Advanced plant design and materials handling 
Operations research 
Personnel research 
Decision theory 
Control theory 
Programming and control research 
Safety engineering 

University of Michigan 

Graduate course 
Plant layout and materials handling 
Motion and time study 
Human engineering 
Wages, incentives and job evaluation 
Production control 
Engineering economy 
Operations research 
Data processing 
Industrial management 


APPENDIX G 


EUROPEAN UNVERSITIES WHICH OFFER 
PRODUCTION AND INDUSTRIAL ENGINEERING 
Belgium 
Université Libre de Bruxelles. 
Université de Gand. 
Université de Liége. 


Denmark 

Technical University of Denmark. 
Holland 

Technical University, Delft. 
Norway 


Norwegian Institute of Technology, Trondheim. 
Austria 

Technische Hochschulen of Graz and Vienna. 
Sweden 

Kungliga Tekniska Hégskolan, Stockholm, 
Finland 

Technical University, Helsinki. 
Switzerland 

Eidgenéssiche Technische Hochschule, Ziirich. 
Western Germany 

Technische Hochschulen of Aachen, Darmstadt, 

Hannover, Munich, and Stuttgart. 

Technical University of Berlin. 
France 

Conservatoire Nationale des Arts et Métiers, Paris. 
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HAVE given a good deal of thought to the title 1 
have been asked to speak on, and the more I 
thought about it the less it seemed to me to be a very 
profitable subject on which to hang a talk, because it 
implies that the particular qualifications from a pro- 
fessional point of view of a member of a Board of 
Directors have a greater significance than, in fact, I 
believe they have. So I am going to be rather naughty 
and give a twist to the title, as I would much rather 
approach it from the angle of what I think the young 
production engineer should have in mind if he aspires 

eventually to become a member of a Board. 
If an analysis is made of the professions of the 
Managing Directors of a fair sample of successful 
companies, it will be found that, whether as produc- 
tion engineers we like it or not, the post is just as 
likely to be held by a mechanical, or an electrical 
engineer, by an accountant, or by someone who has 
came up through sales, as by a production engineer. 
Let us then look for a moment at the functions of 
the Board itself. In the August number of The 
Institution of Production Engineers Journal, Mr. 
J. L. Gwyther, quoting Sargant Florence, puts this as 
well as I have ever seen it put: “Lightened by 
delegation, the ‘core’ load at the top level of 
industrial government consists of final decision on 

policy about : 


(a) what and how much to produce; 

(b) at what price and what investment; and 

(c) of decision on internal organisation, par- 
ticularly : 
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(i) the creation of new posts; 
(ii) appointment to upper posts; 
(ill) top supervision and co-ordination.” 


It is important to keep this very much in mind. 
It is true, and indeed it is desirable, that a Board 
should consist of a well-balanced team drawn from 
the top executives in the various specialist functions 
of the business, plus a leavening of outside part-time 
directors. But if these executives sit round a Board 
table in their executive capacity, no balanced policy 
can evolve; Board meetings will be one long struggle 
between the executives each fighting for his own 
particular empire. Each must remember that at the 
Board table he is a member of a policy-formulating 
group, certainly giving the group the benefit of his 
own specialist knowledge but, more important, rising 
out of and above his functions as an executive 
manager. 

What are nowadays accepted in many quarters as 
the main functions of management ? It may help 
to crystallise the answer, even if it is an over- 
simplification, to consider an imaginary situation of a 
completely new business starting from scratch. Let us 
assume that a young production engineer has an idea 
for what he considers to be an improvement of some 
simple manufactured product — say a thermostat, 
and decides to start a little business of his own for the 
manufacture and sale of it. First of all, he will have 
to acquire some premises and some plant; he will have 
to arrange for a supply of raw materials or bought- 
out-finished parts, engage labour, process-plan his 























operations, control them, inspect the product and so 
on. In other words, he is almost entirely concerned 


with the function of PRODUCTION. 


Having had a modicum of success and saturated 
the small initial market of which he was aware before 
he started operations, he has now to find additional 
sales outlets and give his attention to all the sorts of 
things that are understood by direct sales, sales 
through merchants, advertising, packaging, exhibi- 
tions, foreign agents, possibly market research ; in 
other words, he is very much occupied with the 
function of DISTRIBUTION. 


Ever since he started, he has had the problem of 
providing the necessary capital for fixed assets and 
for working capital, for meeting his suppliers’ 
accounts, for collecting his own accounts and so on. 
This is the third function of ACCOUNTS AND 
FINANCE. 

He will not last very long against competition 
unless he is constantly striving still further to improve 
his product, reduce his operating costs and find new 
applications for his product. This is the fourth 
function of DEVELOPMENT; development of 
design, development of methods, development of 
markets and, of course, development of organisation. 

There is a host of traps and snares waiting for 
him in the proper observation of the Factory Acts, 
the Company Act, contracts with suppliers and with 
customers, insurance and the rest — this is the 
LEGAL AND SECRETARIAL function. 

The sixth function, and I am not putting these in 
order of importance as this will vary greatly as from 
one enterprise to the next, is that of PERSONNEL 
RELATIONSHIPS, a subject which can make a 
most tremendous difference to the profitability or 
otherwise of the concern, and to which I will return 
in greater detail later. 

Finally, there is the seventh function of GENERAL 
MANAGEMENT which co-ordinates the other six : 


PRODUCTION 
DISTRIBUTION 

ACCOUNTS AND FINANCE 
DEVELOPMENT 

LEGAL AND SECRETARIAL 
PERSONNEL RELATIONSHIPS 


Now not only are these seven functions, all of them 
in greater or lesser degree, apparent in every class of 
undertaking, whether it be manufacturing, the ser- 
vice industries, retailing or professional work, but 
they are also present in every executive or manage- 
ment position right down the line. The manager of a 
capstan shop for instance — his production function 
is obvious; his distribution function is that of 
planning so that target dates are met for delivery of 
the product to the assembly shop or the warehouse. 
He has his own problems of development, of per- 
sonnel relationships, and he will not be very success- 
ful if he thinks he can shelve all these to the drawing 
office and the labour manager. Obviously he must 
keep within his own budgets, with an eye always on 
costs; this is his finance and accounts function, as 
too there are certain legal obligations of which he 
must be aware. So that properly approached, even the 
most junior manager’s duties are a microcosm of what 
takes place round the Board table. 

These seven functions can be given the status of 
“principles”. You may give them different names, 
you may give them different emphasis, but they all 
need attention all the time, and neglect spells failure. 
It is when we come to break down each function 
into the components which make it workable, the 
methods by which we apply it, that so much difficulty 
arises and so many of us go wrong. 

Let us not forget that the many systems, methods 
and approaches which have been evolved for imple- 
menting these functions are no more than expedients; 
they are not axiomatic. The trouble is that we are too 
much like sheep. Someone evolves a system, or a 
method, which admittedly is startlingly successful in 
the particular context for which it was devised; 
papers are written on it, perhaps equipment is sold 
for it, and before long, what with vested interests of 
one sort and another, it is given the status of a 
“ principle ” and those who do not use it are deemed 
out-of-date. 

But what is right in one company can be very 
wrong in another, and what is right in one company 
this year can be very wrong in that same company 
next year. At all costs we must avoid dogma, because 
the key word in present-day industry is “ change ”. 
Even the classical approach to the solving of 





On 23rd and 24th September, 1959, the Eastern Region of the 
Institution held their first Conference, at the Assembly House, 
Norwich. The theme chosen was “Production Engineering as a Function 
of Management’’, and the programme comprised the following Papers: 


“The Production Engineer in the Boardroom” by G. Ronald Pryor, 


President of the Institution. 


“Higher Productivity Through Better Administration” by H. H. Norcross. 


“Promotion Prospects for the Young Production Engineer ” by Harold Burke, 
Vice-President of the Institution. 


“The Power Behind Production” by Canon Noel Boston. 


These four Papers are now reproduced on pages 670-686 of this Journal. 
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problems by eliminating all variables but one and 
then investigating that, is beginning to go by the 
board. As long ago as the Hawthorne experiment we 
got a hint of this; that it is dangerous to assume valid 
results unless the environment is normal, and the very 
act of formal investigation alters that environment 
and invalidates the result. In this connection, work 
of tremendous significance is being done by such 
people as Dr. Grey Walter, using the technique of 
electro-encephalography. You will remember that he 
gave The 1956 Viscount Nuffield Paper to the 
Institution in January, 1957, and any of you who 
have not read his book “The Living Brain” will 
find it of absorbing interest. 

Allied techniques are being developed by men like 
Stafford Beer in connection with Operational Control. 
So I have no doubt that many of the techniques 
which we now consider fundamental to our pro- 
fession, such as current methods of time study, 
production control, incentives, will, in the not-too- 
distant future, bear the same relationship to the 
things that are coming into view as the steam engine 
now does to the jet engine. 


personnel relationships 

Now, let us look again at some of the seven 
functions and consider in greater detail some of the 
facets of them which, in my opinion, merit special 
and urgent attention. First, personnel relationships. 
The 20th century has shown a phenomenal accelera- 
tion of progress in all the technologies and all the 
paraphernalia of living. This is not so remarkabic, 
if it is true, as Dr. B. V. Bowden of Manchester 
College of Science and Technology has said, that of 
all the scientists and engineers who have ever been 
in the whole history of mankind, 75°/ are still alive 
and working today. But this progress has not been 
matched in any way by a similar progress in man’s 
treatment of man. Anyone who has paid a visit to 
one of the concentration camps of the last War (last 
year I myself, whilst one of the Institution’s delega- 
tion to Poland, spent a day in the extermination camp 
at Auschwitz where four million people went through 
the gas chambers and incinerators) will agree that 
nothing that we read of as happening in the Dark 
Ages or in the Spanish Inquisition can compare with 
the horrors that are still perpetrated by man against 
man. 


But coming back to industry (and here I am 
paraphrasing the point so well made in our 
Institution’s recent report on “ Quality—TIts Creation 
and Control”) we should remember that the dis- 
appointments that the man on the shop floor suffers, 
as well as the elations he enjoys, differ in degree only 
and not fundamentally from those of his employer. 
He needs to feel that he has a vital contribution to 
make to his own and his company’s prosperity and 
not that he is a mere number on a clock card, that 
he is indifferent to everything that occurs at work 
and only interested in pressing for a shorter and 
shorter working week. It is quite illogical for us to 
spend the amount of money we do spend on educa- 
tion; to keep on raising the standard of living and 








then to deny to the individual in his work, which 
after all is, or should be, a vital part of his life, the 
possibility of acquiring that skill which engenders 
pride and the interest in his job which is engendered 
by encouragement. 


Ted Fletcher, too, had something very succinct to 
say about this employee satisfaction in a Paper he 
gave to our South Eastern Region in April last. He 
said: “ The provision of this satisfaction is a basic 
responsibility of management. The satisfaction may 
be partly financial, but partly it is social. A man 
spends the greater part of his waking life at work and 
society has the duty to see that he gets satisfaction. 
We cannot support this derelict idea that a man buys 
his life by going to work for eight hours plus, with 
one hour for travelling. Somehow the operative must 
get satisfaction — partly from group relationships 
and partly from his craft. Can we expect democratic 
society to be effective and to take conscious, level- 
headed decisions, unless its citizens obtain a reason- 
able degree of satisfaction from work ? There is 
nothing really new in this approach to industry. 
Wolf, one of the disciples of Taylor in the United 
States, said that no matter how carefully a work 
study man produces the best method of doing a job, 
it ceases to be the best method as soon as the opera- 
tive does not want to do it that way. That is true, but 
the operative may not want to do it that way for a 
variety of reasons. As production engineers, we should 
give consideration to how that aspect of job planning 
is brought into our responsibilities. Can you leave 
the question of satisfaction as a casual by-product ? 
You know perfectly well that in the greater part of 
British industry it has been a by-product for many 
years.” 

I know that I am postulating an ideal which it is 
probably impossible to achieve, but I am sure that 
we could get so very much nearer to it than we have 
done if only the same attention were given to it as is 
given to the technologies of production. Much that is 
done in the name of incentives, of production control, 
of quality control, and of welfare itself is nothing but 
a substitute, and a very poor substitute at that, for 
good labour relations. Indeed, too often the so-called 
cure aggravates the disease. 


What a ridiculous convention it is that a skilled 
fitter earning, say, £15 to £20 a week, is on 32 hours’ 
notice and is not paid for time lost through sickness, 
whilst his 17-year-old daughter, earning, say, a 
quarter of his salary as a typist, has all staff 
privileges ! 


piece-work 


Again, consider piece-work. I am convinced that in 
many more cases than at first seem apparent, piece- 
work is a great evil and mitigates against good labour 
relations and against quality. Piece-work may be a 
good thing on large batch production where there is 
little change of operation and where statistical 
quality control can be applied. I doubt whether on 
mass production it has any effect other than as a 
device for legalising the payment of more than the 
standard rate, and I am sure that on small batch 











production and jobbing work it can be a very bad 
thing. By its very nature it has a tendency to en- 
courage “scuffle” and shoddy work. It calls for a 
larger inspection force than would otherwise be 
necessary. It causes frustrating delays on rejections; 
it creates a sharp division between operatives and 
management because there is a natural, if wrong- 
headed, conflict of interest both on rates and on 
quality acceptable. 

a personal experience. 

I hope you will forgive me if I talk for a minute or 
two about my own experience. My excuse is that first- 
hand experience is often more valid than second- 
hand, and certainly more vital than theory. My own 
Company is a small one and therefore good labour 
relations are more easily attainable than they are in 
companies employing upwards of a thousand people. 
We are concerned with the manufacture of a very 
specialised form of engineers’ tools and an equally 
specialised form of machine tool. About 75°/, of the 
production is custom-made. Batches rarely exceed six 
and are often one off. Individual piece-work was 
introduced more than 40 years ago and, as the 
Company developed and new departments were 
started, was extended to these, under pressure from 
my colleagues but not without considerable mis- 
givings on my part. 

Some years ago I became convinced that under 
these particular conditions piece-work was a bad 
system. But it is much more difficult to take out 
piece-work than to put it in, and it took some con- 
siderable time to screw our courage to the sticking 
point of taking such a drastic step. However, it was 
done two years ago and we have no regrets whatever. 
Now is not the time to go into any detail as to how 
it was achieved and what it achieved, but the point | 
want to make is that it has brought about a quite 
incredible improvement in labour relations as well as 
in the versatility and skill of the operatives. Our 
standards are more easily maintained and production 
has not suffered. In fact this major change, not alone 
but coupled with an extensive application of work 
study (particularly to so-called non-productive 
departments), has led to a very definite increase in 
productivity. I know that you can prove anything you 
like with figures, but these simple statistics are rele- 
vant to my point. 

In the 12 months ending 30th April last, when 
we were just beginning to pull out of a very real 
slump — a slump which has been the subject of 
considerable understatement in the general press - 
the real value of our production was $°/, up com- 
pared with two years ago. By the real value, I mean 
the sales value corrected for price increase following 
wage awards. And here is the point — this has been 
achieved in spite of a reduction of no less than 18°/ 
of the total number of people on the payroil. 
In this particular business, quick delivery is a bigger 
factor in securing orders than price. The improve- 
ment in delivery which has enabled the sales to be 
kept up has largely been due to the time saved by 
instituting, in some measure, operator control of 
quality. 








I have always held that the greatest sin which the 
production engineer can commit is that of dog- 
matism, and that a close runner-up is the far too 
prevalent habit of trying to prove the general from 
the particular. I do not want to fall into that error 
myself and am not suggesting that all piece-work 
is wrong, but only that I am convinced that it is 
wrong in a great many situations where it is now 
applied. I am fortified in this belief by the fact that, a 
few years ago, Glasgow University made a field 
survey in which they found that well over 50°/, of 
the industrial disputes covered by the survey stemmed 
from piece-work rates. 

I think the economic philosophy which plays down 
the importance of the working content of a man’s 
week, is utterly wrong. After the family, a man’s 
work is the most important part of his life; after the 
family, it is his only excuse for existence in the sense 
that he is providing a service to the community. 
In the ultimate Utopia, work should be a joy; you 
cannot expect to approach this ideal by splitting 
down operations to such an extent that a man cannot 
achieve, as I said before, the skill which engenders 
pride and the interest in his job which is engendered 
by encouragement. With the increasing pace of 
progress in technology, this is the sort of thing that 
should be and can be automated. 


the simple answer 


The answer to the problem is quite simple 
umplementation of Christianity. I am not competent 
to develop this thought and must leave it to Canon 
Boston. But production engineers must be realists in 
this matter. No factor in the whole industrial field 
is so potent for success — for high profits, high 
dividends and rapid development — as good labour 
relations. 

A great statesman said that this is the age of the 
common man. Lord Hailsham said that this was 
nonsense, that it is the age of the uncommon man. 
The 18th century saw a few aristocrats in white silk 
pants, the 19th century saw many more aristocrats in 
white collars, and the 20th century looks like seeing 
a multitude of aristocrats in white coats. This is only 
another way of stating James Burnham’s theme in 
the Managerial Revolution, in which he set out to 
show that the aristocracy of any civilisation was 
vested in those who control the means of production 

- in other words, nowadays, the technologists and 
managers. 

Industry will have to come round to releasing 
many more of its young people for sandwich courses 
in spite of the expense of. this. These sorts of things 
are much more valid and desirable incentives than 
paying ridiculous rates for mere manual dexterity, 
and ignoring all the other attributes which are of so 
much more value to any industrial enterprise. 
Teachers are the seed corn for future technologists 
for industry, and industry will have to come round 
to providing the teachers at whatever inconvenience 
and refrain from eating its own seed corn. 

Next, we come to accounts and finance. 
It is unfortunate that there is a too common ten- 
dency for production people to look upon accountants 
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as necessary evils. Such a view is wrong-headed; we 
could not do our job without the services of 
accountants. They usually do a very good job. But 
they can only do it within the limits of the sphere of 
the profession at its present state of development. 
The error which some of them make is to imply that 
accountancy is an exact science; it is, of course, 
nothing of the sort. The income and expenditure 
accounts for instance, which they produce for us, 
balance to the last halfpenny. They do so only 
because a balancing figure is put in to achieve this 
end; the balancing figure being the profit or loss as 
the case may be. The actual amount of this balancing 
figure depends entirely on the figure on the 
certificate which the Managing Director signs, giving 
the value of his stocks. Who is to say, with any sort 





of accuracy, what this value is ? It is a matter of 
individual custom and what the Inland Revenue will 
accept as to how much overhead is added to prime 
cost in valuing stocks. Who is to say with any 
certainty what proportion of stocks — raw materials, 
semi-finished parts, or finished parts — will ultimately 
be saleable or may become obsolete ? 

It is interesting to study the diagrain shown here, 
produced by my old friend T. G. Rose, of the 
relationship between fixed and circulating capital. 
The temptation to expand trading regardless of 
maturing liabilities is strong. There is always the 
feeling that if temporary cash accommodation is 
needed, it will be found somewhere when the time 
comes. The result, only too often, is over-trading, 
increasing financial difficulties and, possibly, in the 


Reproduced from “The Internal 
Finance of Industrial Undertakings ” 
by kind permission of the author, 
Mr. T. G. Rose, M.I.Prod.E., and the 





publishers, Sir Isaac Pitman © Sons 


Ltd. 





FINIGHED 
GooDsS 


CIRCULATING 








CAPITAL 























end, disaster. To vary the financial conditions of a 
company is not as easy as to vary the working 
conditions in a factory, for the reason that financial 
conditions are all of slow growth, and are not usually 
susceptible to sudden change. If it is found that the 
factory is falling steadily behind the sales require- 
ments it is not usually difficult to increase production 
to make good the deficiency. But if, on the financial 
side, it is found that the circulating capital is not 
adequate it is, in the majority of cases, by no means 


a simple matter to find immediately the additional - 


money required. Once the authorised capital of a 
company has been issued, and borrowed capital has 
been added up to the limit of the security that the 
company can offer, there remains no method by 
which money can be brought into the business 
(except by a further issue of share capital) other than 
by the steady making of profits. 


cost accounts 


And then cost accounts. Here I am talking of 
cost accounts as applied to light engineering batch 
production and not to the process industries, heavy 
industry, ship building, etc., of which I have no 
knowledge. In light engineering, every cost 
accounting system which I have ever come across 
applies the overhead either as a rate per hour, or as a 
percentage of either the prime cost or the direct 
labour. 


It is not unusual for a selling rate to be four, five 
or even more times the direct labour rate and it is 
statistically unsound to base a final figure on such a 
small proportion of itself. In any case, whatever rate 
is settled can only be correct if the budget figures 
used for production hours or labour, and overhead 
expenses, are correct. As we all know, they never are, 
but we can’t go on varying our rates according to the 
actual figures in every four-weekly accounting period. 
Just what are the answers to these problems I don’t 
know, but with the increasing use of computers it is 
probable that more satisfactory techniques will be 
evolved by the accounting profession in the not-too- 
distant future. 


development 


And now, development. Development is a most 
important function. I would place it second only, 
if not equal, to personnel relationships. As I have 
said before, the key word of modern industry is 
“change”; progress in the technologies is so rapid 
that keeping up-to-date with technological progress 
at any rate is a major problem. The first thing we 
should do, surely, is to give much greater support to 
the research associations and not only give them 
support, but use them. You may think that I have 
a vested interest here, as Vice-Chairman of the 
Production Engineering Research Association of 
Great Britain, but I would not hold that position if I 
were not so thoroughly convinced that research 
associations are providing a vital service to British 
industry, and I am particularly interested in PERA 
because that research association is so particularly 





concerned with the implementation and application 
of research on the shop floor as opposed to pure 
research itself. 


I know from surveys carried out that there are 
over 10,000 firms in this country who could not help 
but receive considerable benefit from membership, 
and yet there are only 800 odd who subscribe. This 
is a quite incredible state of affairs when the majority 
of them could be members for less than the wages 
of a charwoman. It may be that they are already 
members of their own trade research associations; 
it may be that they have their own research depart- 
ments; it may be that they have got wrong ideas from 
people who subscribe to research associations and 
then do not use them. It is surely a great folly to miss 
the benefits which can be bought for so small a cost 
merely because one is not prepared to take the 
trouble to make use of the services available, or 
because one is so wrong-headed as to think one 
knows it all already. 


Perhaps a still more important aspect of develop- 
ment is the development of one’s own staff. One of 
the problems of industry is what to do with the 
foreman or manager who has been in a company’s 
employ for 20, 25, 30 years; who has given loyal, 
conscientious and _ hard-working service to_ his 
company, but who has failed to grow with his own 
job and is now a brake on progress. Those of you 
who have read “ Slide Rule” — the autobiography 
of the man who, after helping to design the airship 
R.100, started in a very small way with a capital of 
£5,000 the Company Airspeed, which Company grew 
into a large concern, built innumerable aircraft and 
was eventually taken over by Handley Page; those 
of you who have read this book will remember that 
he had this problem in an acute degree. As Managing 
Director he felt compelled, rightly or wrongly, to 
remove many of the pioneers who had given him 
yeoman service in his early days but who had failed 
to grow with their jobs, until finally he was handed 
the same cup of tea and himself removed by his 


Board. 


In my opinion, and I have ample evidence that 
this opinion is correct, an excellent way of 
stimulating the development of one’s staff is to en- 
courage them to seek office as honorary secretaries or 
members of committees in the various professional 
associations or learned societies to which they belong, 
and to give them ample facilities both in clerical help, 
time and finance, to do the job. There is nothing so 
stimulating and so conducive to development as 
regular contact, on intimate terms, with men of 
greater stature and ability than oneself. 


I have nothing to say in detail today about the 
production, the distribution or the legal and 
secretarial funcions, not because I consider them less 
important but because I want to leave plenty of time 
for discussion, and I will summarise under the 
seventh function of general management by again 
reminding you that when you are sitting round a 
Board table, you should not only be capable of giving 
expert advice on that particular function of the six 

(concluded on page 680) 


675 














EASTERN REGION CONFERENCE 


HIGHER PRODUCTIVITY THROUGH 


BETTER ADMINISTRATION 


by H. H. NORCROSS, F.C.W.A. 





OOD administration can have a powerful effect 

in raising productivity, but the relationship 
between administration and productivity is a subtle 
thing. 

In this Paper that relationship is illustrated in two 
ways: firstly, it is shown by an analogy; and, 
secondly, by a few case studies. 


an analogy 

Earlier this year there was a car race in which 
some pre-War E.R.A. racing cars took part. On the 
same day and on the same racing circuit there was 
another race for modern sports cars. These two races 
provided an interesting and valuable opportunity of 
comparing the performance of the sports car of today 
with that of the pre-War racing car. 

In those car races the lap times for the E.R.A. and 
the Triumph TR.3 Sports Car were, as near as makes 
no matter, the same. This is remarkable. It is even 
more remarkable if the difference in engine power is 
taken into account, because the brake horsepower of 
the E.R.A. is about twice that of the Triumph. 

One might well wonder why the Triumph can 
perform as well as a car with twice its power. The 
answer lies in an understanding of those subtle 
qualities which lead some cars to “handle” better 
than others. The Triumph “ handles ” better than the 
E.R.A. and this improved “handling” adds enor- 
mously to the performance. 

Improvements in handling qualities are difficult to 
explain and to measure, because handling cannot be 
assessed in simple numerical terms such as are used to 
measure a factor like brake horsepower. However, the 
effect of improved handling on the performance of a 
car is immediately apparent to a skilled driver. 
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The comparison between the E.R.A. and_ the 
Triumph leads to a conclusion which, for many 
people, is very unexpected. It is on that conclusion 
that an analogy is drawn between the performance of 
a car and the performance of a business. 

Handling qualities in a car are rather like admini- 
stration in a business. If you improve handling, you 
improve performance; if you improve administration 
in a business, you improve productivity. In each case 
the relationship between cause and effect is a subtle 
one, difficult to express in numerical terms. 

The analogy can be taken further. Good handling 
depends on attention to a number of different things 

suspension, braking, weight distribution and so on. 
In the same way, good administration also depends 
on attention to a number of things — production 
control, management accounting, stock control, 
organisation structure, clerical procedures and so on. 


some case studies 


One way to appreciate the relationship between 
administration and productivity is to study a number 
of cases where the productivity of a business has been 
improved as a result of a reorganisation of its 
administration. A number of case studies of this kind 
are given as an Appendix to this Paper. 

It is important to appreciate, however, that the 
relationship between improvements in administration 
and improvements in productivity is not easily ex- 
pressed in numerical terms. In most of these cases, the 
reorganisation in the business was concerned not only 
with- administration but also, to some degree, with 
other matters. It is as if the performance of a motor 
car had been improved partly by improving the 
handling qualities and partly by increasing the brake 












































horsepower of the engine. In this situation, it is 
difficult to establish a clear arithmetic relationship 
between the improvements in handling qualities and 
the improvement in overall performance. It may be a 
matter of debate, to a greater or lesser degree, as to 
how much of the improved performance is due to the 
improved power from the engine and how much is 
due to improved handling. 

Even with this qualification, however, it will be 
clear from reading these case studies that improved 
administration has had a very powerful effect indeed 
on the productivity and prosperity of these particular 
companies. In each of the companies a reorganisation 
was undertaken. In each of the companies the re- 
organisation of its administration was an important 
factor in the improvement. The aggregate improve- 
ment in productivity (measured in terms of increased 
profit or reductions in cost) for all the companies 
referred to in the case studies was something in the 
order of £250,000 a year. Here is powerful evidence 
indeed to support the statement that improvements 
in administration bring improvements in productivity. 

The term “ administration ”’, as used in this Paper, 
covers a wide variety of different subjects which can 
be studied individually. However, it is their effective 
application together which determines whether or not 
a company is profitably administered. In this Paper 
there is some discussion in broad terms of the type of 
effect, on a company as a whole, of improvements in 
production control, management accounting, stock 
control, organisation structure and clerical pro- 
cedures. 


production control 


One of the purposes of a well-administered pro- 
duction control system is to help co-ordinate 
production and sales, so that the company is in a 
favourable position when competing on the score of 
delivery period. Another purpose of production 
control is to plan the flow of material and the flow 
of work in such a way as to make the most efficient 
use of the labour, material and the other resources 
of the company. A business should be administered 
with the intention of getting the optimum overall 
utilisation of all resources, but sometimes it is not 
possible to get maximum utilisation of all the indi- 
vidual resources. 

In an engineering company, for example, the 
control of production had been based primarily on 
the efficient utilisation of the labour. As a result, the 
labour cost per article was low, but at the same time 
the overhead cost per article was higher than it 
should have been, due to low machine utilisation. It 
was decided to alter this policy and to give greater 
attention to planning the flow of production, so as to 
improve the machine utilisation. As a result, profits 
rose by about £14,000 a year, notwithstanding the 
fact that a slight increase in labour cost per article 
had to be faced in order to achieve the higher 
machine utilisation. 

Another business (this time involved in the cutting 
of leather hides) had based the control of its produc- 
tion primarily on reducing labour costs to the 
minimum, Here it was decided that more attention 





ought to be given to efficient utilisation of the 
leather. A change of policy was made in the produc- 
tion control arrangements, so as to give greater 
attention to economy in the cutting of leather. As a 
result, the utilisation of the leather was raised to 
higher levels. There was a substantial nett increase in 
profit notwithstanding the fact that, in order to 
achieve the higher utilisation of material, it had been 
necessary to allow the labour cost per article to rise 
slightly. 

The point which it is wished to make is that a 
business should be administered in such a way as to 
obtain the optimum overall efficiency, rather than 
basing plans on too narrow an appreciation of the 
problem. 

One important requirement of the production 
control arrangements is that they should achieve a 
smooth and steady flow of production, as this can 
bring a most valuable contribution to the reducing 
of the overhead cost per article. The first line of 
attack when considering how to control production is 
to examine the production processes themselves and 
the physical layout of the plant. Even in a small 
business, much can often be done by introducing 
simple line production. Line production does not 
necessarily entail the installation of highly expensive 
mechanical conveyors. In many cases, all that is 
required is to arrange the machines in a line and have 
simple wooden chutes between them or perhaps a 
simple roller conveyor. In this situation it is fre- 
quently possible to control the production and to get 
a smooth and rapid flow, without a great deal of 
paperwork. In other situations it is necessary to use 
many more documents, in order to achieve the kind 
of control which is required. The important thing, 
however, is not how much paper is used (whether it 
be a small or a large amount), but how effective is the 
control. 


management accounting 


The effective use of management accounting can 
have a tremendous impact on the productivity of a 
business. One value of this type of control is that it 
forms a yardstick against which the affairs of the 
company can be measured from time to time during 
the course of the year. The amount of detail, and the 
frequency with which these measurements should 
be made, will vary from company to company, but it 
will enable action to be taken where it is shown to be 
necessary much sooner than would otherwise be 
possible. What is more, management accounting 
enables action to be concentrated on the most urgent 
matters, while leaving items of less importance until 
later. 

Management accounting systems vary widely in 
complexity. Sometimes relatively simple procedures 
may be appropriate. In larger and more complicated 
businesses, advanced forms of control may be desir- 
able, and very considerable specialist knowledge and 
experience may be needed to design and install the 
management accounting systems. Whatever the 
problem, the same basic pattern of thinking has to be 
applied. There are four stages in a cost control 


system. Firstly, a sound opinion must be formed of 
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what the cost should be. Secondly, the actual cost 
must be measured. Thirdly, the difference between 
these two has to be investigated and, finally, action 
must be taken to reduce the excess cost which has 
been brought to light. It is this fourth and final stage 
which is the end-product of any cost control system 
and on which its value rests. The action must often 
be taken by someone other than the man who pro- 
vides the figures, so it is of great importance that 
costing is comprehensible to all levels of management. 
A business should be administered in such a way that 
the people in it realise who is responsible for pro- 
viding cost information, and who is responsible for 
acting upon it. 


This pattern of thinking can be applied not only 
to the detail matters of cost, but can also be applied 
to the overall activities of the business. Its application 
in this way is generally known as budgetary control. 
Under a budgetary control procedure, forecasts are 
made of the sales and production of the company 
over a certain period. By taking these factors into 
consideration, it is possible to forecast the profit and 
loss account of the company and the balance sheet 
position. By means of a budgetary control procedure, 
it is then possible to show quite clearly and simply 
at various stages in the period what actual progress 
has been made as compared with the budget. 


The value of such figures is very great when 
financial plans are being made. It enables an estimate 
to be prepared of what profits are likely to be avail- 
able for use in the business, and what demands are 
likely to be made on the retained profits. If additional 
finance is needed, it will show how much will be 
needed and when. It is often cheaper to borrow 
money if the need for it is known well in advance 
rather than to be forced to borrow at short notice. 


stock control 


An efficient control over the level of stock held can 
have a most marked effect on the productivity of a 
company, whether that company is engaged in 
retailing, wholesaling or manufacturing. The first 
requirement of a good control system is to ensure that 
goods are available when they are required. At the 
same time, an unreasonable amount of capital should 
not be tied up in stock. Achievement of these two 
aims demands, not only a good stock control tech- 
nique, but also appropriate attention from time to 
time by management to ensure that changing require- 
ments are adequately catered for. 


If stock is not available when it is required by 
customers, losses of two kinds can occur. Firstly, the 
company may lose sales to competitors able to offer 
more prompt delivery. Secondly, if sufficient stock is 
not available, this adds to the clerical costs. It is 
easier to deal with an order from a customer 
immediately it is received, and to send_ the 
goods in one delivery, rather than to be obliged to 
hold the order, keep records in an order book and 
perhaps despatch the goods in more than one 
delivery. It is generally much more expensive to 
“take two bites at the cherry ” 
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The other side of the coin is the cost of holding 
excessive stock. It is often not appreciated just how 
great this cost can be. Experience shows that, 
normally, the additional cost of holding excessive 
stocks is in the region of 15% to 30%, a year on the 
excessive stock value. In other words, if the value of 
stock is £200,000 more than it should be, then the 
extra costs for such things as interest on capital, 
insurance, additional handling, additional clerical 
costs and so on amount to something like £30,000 to 
£60,000 a year. 

Good administration is clearly needed if the 
dangers of insufficient stock and excessive stock are 
both to be avoided. 


organisation 


The problem of getting a number of people to 
work together towards a common objective, and to do 
so willingly and efficiently, is fundamental to good 
administration. The problem is frequently discussed 
and sometimes these discussions put too great an 
emphasis on the mechanics of the problem. The 
questions of organisation structure, job specifications 
and so forth are all very well, but more radical 
thinking is also required. 

Organisation is concerned with the relationships 
between various people in the business. People are 
not so simple to define and evaluate as, for example, 
figures on a set of accounts. It is relatively simple to 
draw an organisation structure chart which conforms 
to established practice, but it very often happens that 
the relationships between the people involved are not 
nearly so tidy and definite as the chart would lead 
one to believe. 

The first requirement of good organisation is to 
choose the right people to fill the various positions. 
Staff selection is one of the most vital jobs a manager 
has to do. Once appropriate people have been 
selected, the next stage is to ensure that they are 
properly trained. In this field, in addition to any 
technical training which may be required, it is impor- 
tant to teach people the art of working smoothly with 
others. Good leadership from the top is vital to 
success in any organisation. Where the leadership is 
right and there is a spirit of confidence and trust in a 
business, this can do much to compensate for 
theoretical faults in the organisation structure. The 
opposite is seldom true. 


the span of control 


The question of what constitutes an appropriate 
span of control is a problem on which it is wise not 
to be too dogmatic. To say that five or six sub- 
ordinates is the correct span of control is an over- 
simplification and may even confuse the issue. The 
important thing is to appreciate the effects of an 
inappropriate span of control. 

For example, if a managing director has too few 
direct subordinates, he may often find himself in a 
position where they are too busy carrying out his 
previous instructions to be able to discuss, and take 
action on, some new matter which has arisen. 
Under these circumstances, the managing director 
is tempted to approach someone lower in the chain 
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of command, to discuss the matter with him and 
instruct him to take action. A managing director 
should not bar himself from contacts lower in the 
company than his immediate subordinates, but he 
must be aware that, if he does this frequently, he 
runs the risk of weakening the authority of his sub- 
ordinates and so making his company less efficient. 
Another disadvantage of having too narrow a span of 
control is that the narrower the span, the larger the 
number of administrative staff required. For example, 
an organisation structure where the average span of 
control is six people requires fewer personnel than one 
where the average span of control is four people. 

On the other hand, if a managing director has too 
many direct subordinates, they often cannot see him 
about problems which need his opinion and decision. 
This may cause a physical queue of people outside 
the managing director’s office, or its equivalent on his 
secretary's pad. A man faced with the problem of not 
being able to consult his boss has to choose between 
two undesirable courses of action. He may decide to 
wait until he can bring up the problem, and delay 
can be very costly. Alternatively, he may decide to 
take action without consulting his boss; this also can 
be costly, as it may lead to an incorrect decision on a 
problem which really demands an overall knowledge 
of conditions which the managing director alone 
possesses. 

So, it is often best not to try to solve a problem of 
organisation by applying to it some theoretical con- 
cept of what is the ideal span of control. Rather one 
should look for symptoms which indicate that the 
span of control is too wide or too narrow. Different 
businesses demand different spans of control and men 
differ in the number of subordinates they can control 
effectively. 

Written job specifications are also often mis- 
understood. They can be valuable when conditions in 
a business change and when, for one reason or 
another, the organisation structure is being altered. 
They can also be valuable when a new appointment 
has to be made, as they help to avoid many 
unnecessary misunderstandings. 


clerical procedures 

Good administration depends, to a large degree, on 
clerical procedures. The level of clerical efficiency in 
many companies is appallingly low and in this field 
there is still a very great deal which can be done to 
increase productivity. However good the executives 
in a company, they will never be able to give their 
best work to the business if the clerical procedures on 
which they depend are slow, inaccurate or unwieldy. 
Also, if the clerical side of the business is more 
expensive than it need be, this will eat into profits 
and reduce productivity. 

A sound approach to this problem involves studying 
the clerical procedures in considerable detail and 
then challenging each item to see whether it is 
necessary at all. If it is, one must consider whether 
it is being done in the best way, in the right place and 
by the right person. It is astonishing how much 
clerical work is done which is quite unnecessary. 





Again, it often happens that a clerical system is 
changed without the real purpose of the procedure 
ever having been fully established. The appearance, 
within recent years, of computers in the office has 
led to some very fundamental thinking on the real 
purpose behind the various clerical procedures. 
Although the introduction of computers for clerical 
work is at present only desirable in a small propor- 
tion of companies, very valuable economies can be 
made by applying the same basic pattern of thinking 
to clerical procedures in other businesses, and then 
reorganising those procedures so as to make use of 
hand-written methods and various forms of office 
mechanisation. 


conclusion 


To increase productivity it is not sufficient to turn 
attention to merely one or other of the factors 
mentioned in this article. Good administration in- 
volves attention to them all and to other factors not 
mentioned here. A constant effort should be made to 
gain greater smoothness and speed of operation. A 
business beset by recurrent alarms and _ frantic 
decisions is seldom as productive or as profitable as it 
could be. A manager who thinks ahead and is con- 
stantly alert to future developments can do much to 
avoid being harrassed by sudden crises. A smooth 
and balanced control of the situation as a whole is 
often the surest sign that a business is served by good 
administration. 


APPENDIX 


This Appendix includes some brief case studies 
which have been selected to illustrate, so far as is 
practicable, some of the effects on a business which 
can be achieved when the administration is improved. 
The information has been quoted with the permission 
of the companies concerned. 


CASE A 


Type of company. Manufacturer of small tools 
employing, at the start of the reorganisation, about 
200 people. 

The problem. The company had good products for 
which there was a large potential market. The 
following barriers to expansion existed : 

(a) the administrative and clerical procedures 
were too cumbersome; 


(b) inadequate costing information was available 
and the sales price structure needed revision; 


(c) production control and cost control were not 
adequate. 


Action taken and results achieved. A reorganisation 
was undertaken. Yearly profits rose as follows : 


£36,000 
£63,000 
£82,000 
£143,000 


In other words, in four years profits rose by over 
£100,000 a year. 
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CASE B 


Type of company. A manufacturer of components 
and sub-assemblies for the motor industry, 
employing about 800 people. 

The problem. The company wished to reduce its costs 
and improve certain aspects of its administrative 
methods so as to improve its competitive position. 

Action taken and results achieved. Stock control, 
production control and cost control methods were 
reorganised and an incentive plan was introduced 
for indirect workers. As a result : 


(a) an incentive plan reduced indirect labour costs 
by £10,000 a year; 

(b) there was a reduction in the investment in 
stock and work in progress, after allowing for 
an increase in the level of activity, of about 


£200,000 ; 


other substantial benefits accrued but the value 
of these could not be measured. 


—~ 
QO 
~~ 


CASE C 
Type of company. An engineering company in the 
non-ferrous metal industry employing about 600 
people. 
The problem. To meet severe competition a pro- 
gramme of cost reduction was needed. 


Action taken and results achieved. The careful 
application of new methods of cost control and 
production control showed the way to reduce costs 
by £43,000 a year. 


CASE D 


Type of company. A manufacturer of refrigeration 
cabinets, employing about 150 people. 


The problem. The company’s profits were inadequate. 


Action taken and results achieved. Programmes were 
devised and initiated to cover sales forecasting, 
production programming, production control, 
financial control, cost control and the design and 
development of new products. Annual profits were 
increased by about £19,000 a year. 





CASE E 


Type of company. Manufacturers of military badges, 
buttons, and metal small wares, employing about 
250 people. 


The problem. Trading conditions were favourable 
and the company were making good profits. The 
directors knew, however, that trading conditions 
would alter and make business very much more 
competitive. They were not satisfied that the 
methods of administration were good enough to 
meet the more difficult circumstances they saw 


ahead. 


Action taken and results achieved. The reorganisation 
which was undertaken involved, amongst other 
things, improved methods of management 
accounting, estimating, office orranisation, and 
sales organisation. 


The more difficult trading conditions which the 
directors had forecast did, in fact, occur. The re- 
organisation was completed in good time and so far 
as could be ascertained, the company’s profit 
record was very much better than that of its com- 
petitors. 


CASE F 


Type of company. One of the large steel producing 
companies. 


The problem. The company wished to launch a 
programme for increasing efficiency and reducing 
costs in the offices of one of its plants. The clerical 
procedures were complex. Punched cards, key- 
board accounting machines and other forms of 
office mechanisation were already in use. 


Action taken and results achieved. A reorganisation 
was undertaken based on the installation of 
relatively simple and inexpensive electronic equip- 
ment. So far there has been a staff economy of 25 
people and a net saving in office cost of at least 
£5,750 a year. The electronic equipment is not 
fully loaded and further benefits are expected. 








“THE PRODUCTION ENGINEER IN THE BOARDROOM” — concluded from page 675 


with which you are concerned, but also of rising out 
of and above your executive capacity to make a 
balanced contribution to the formation of policy as a 
whole, and when eventually you come to the 
Managing Director’s chair you should remember that 
it is not too comfortable. That position is a very 
powerful one, partly because the Managing Director 
holds the purse-strings and very largely influences 
what can be spent on development and new plant on 
the one hand, and on salaries on the other, and 
partly because he is very largely responsible for 
appointments and promotions to high level positions. 


If, as he should, he surrounds himself with men of 
initiative and vision, he will not have an easy task in 
welding them into a team and smoothing out con- 
flicts of personality, whereas if he surrounds himself 
with “yes-men” sooner or later he will make an 
error of judgment which they will not correct and 
which will lead to a, devastating crash. In either 
case, his position, in spite of his power, is a very 
vulnerable one because if he does not satisfy his 
shareholders they can at any time, in spite of their 
often being ill-informed and activated by the 
emotions rather than logic, easily remove him. 
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—- production engineering as a function of 
management is the theme of this Conference, it is 
perhaps not surprising that the address I have 
prepared is complementary to Mr. Pryor’s Paper that 
we heard yesterday. 

Mr. Pryor gave an excellent summary of a 
Director’s duty in the Boardroom, and in the busi- 
ness and, as was to be expected, it provoked con- 
siderable discussion. It was interesting to note that 
a number of members during the discussion felt that 
very rarely do production engineers get the oppor- 
tunity of promotion to the Boardroom. A good deal 
of emphasis was laid on the fact that, in actual 
practice, directorships — and particularly managing 
directorships — are so often filled by accountants 
and sales engineers. There are two things I want to 
say about that in disagreeing with the comments that 
were made. 

First of all, if you examine the status of the gentle- 
men present at this Conference, it will be appreciated 
that the majority of them have done extremely well 
for themselves and are already holding high positions 
in industry. Secondly, some years ago, the staff of 
the Institution carried out some _ research to 
ascertain what proportion of senior members of the 
Institution held directorships, and the results were 
astonishing. It was found that, not only were a large 
number of members holding directorships, but that 
our Institution was outstanding in this regard, com- 
pared with other technical professional Institutions. 
The conclusion reached, therefore, is that production 
engineers have a very square deal indeed in reaching 


Vice-President of the Institution; 
Group Joint Managing Director, 


Concentric Manufacturing Company Ltd. 


what is alleged to be “the top of the profession ”. I 
would like to say that it does not of necessity follow 
that, for a production engineer to obtain the most 
important post in industry in his own field, he must 
be a director. There are many jobs in this country 
filled by some of our best production engineers where, 
due to the size of the organisation in many cases, 
a directorship was not included in the status of the 
job. 


So, in setting out to decide on what we believe to 
be the right mentality for the young production 
engineer, we must have a target constantly before us, 
and in this regard I would say that the “sky is the 
limit ”. 


importance of incentives 


Arising from Mr. Pryor’s Paper yesterday, there 
was a good deal of discussion on incentive, and while 
it is not within my terms of reference to provoke any 
further discussion on this subject, I would like to 
make just two points :- 


One, that I am a strong believer in incentives, 
from the shareholders and managing director 
down to the labourer. It is not terribly 1mport- 
ant what form this incentive should take, but 
I believe that it is essential to create the spirit 
to give everyone the urge to get the best from 
life, which will enable them to give of their best 
for the sake of their families, for mankind in 
general, and for themselves, and, above all, to 
inspire people to be creative. 
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My second point on this question is that I have 
never yet been able to understand how manage- 
ment can control the labour content contained 
in a manufactured article without some form of 
incentive system. 


In considering the start of a young potential 
production engineer, one is mindful of the fact that 
times are rapidly changing but, of course, this has 
always been so. “ Things are not what they were ” 
and the apt reply, “No, they never will be” is a 
fair description of the changing times. Most of us 
have seen the family business with inherited respon- 
sibility turned into a Public Company, either directly 
or through mergers with other companies, so that 
it is no longer an accepted fact that the son of his 
father should automatically inherit the business. In 
many ways that is a very good thing. 


As regards the basic training which I am sure we all 
understand is part of the essential life of the young 
production engineer, he needs guidance in this. He 
needs to be informed as to what stages in his career 
he has to make a decision and how he shall divert 
from the basic training to learn to specialise and 
become a production engineer. He must have a sense 
of vocation. The technique of a production engineer 
is not just a job— it is a way of life. It is both an 
art and a science. It is the study of the manufacture 
of articles. It is the business of creation. Therefore, 
a sense of vocation and a flair for production 
approaches in this particular regard are essential, and 
finally he must like doing the job. We expect our 
student to cultivate a natural instinct and urge to 
make progress. He has got to learn very early in his 
career that no one is going to set the pattern for 
him, but that a wealth of opportunity is presented 
for him to learn, both as an apprentice and in the 
technical colleges all over the country that are now 
giving so much guidance. 


value of practical training 


A word on the value of practical training is perhaps 
appropriate at this stage. How often do we see, in 
our own experience, the students who think of all 
sorts of reasons for evading the practical training in 
the shops? The planning engineers, the designers, the 
tool draughtsmen and many people of that type seem 
to regard practical experience as loss of dignity. Time 
proves how wrong are these ideas and it is, therefore, 
the duty of more senior men to try and deal with this 
situation in their day-to-day work. It is their duty as 
managers to see that as many people as possible 
under their daily control qualify as early as they 
can, and they also have a moral responsibility to 
advise them on how to make the best of their lives. A 
student has to have the ability to judge the value of 
training, and assistance in accepting the training 
pattern. This involves constant study and only those 
people who have actually experienced this form of 
concentration over many years realise how difficult 
it can become. Patience, a thirst for knowledge, and 
eager acceptance of new thoughts and ideas will lead 
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the student to a much higher standard, and when we 
examine the organisations with which we are in daily 
contact, we are conscious of the fact that the trained 
and qualified production engineer stands out in the 
organisation. 


“How few we have, and how many we want.” It 
is, of course, well known that most companies of 
any size throughout this country are constantly 
attempting to find trained men, and_ therefore 
opportunities to get better and better jobs must of 
necessity be always with us. One has only to consider 
for a moment the impact of automated processes 
upon the engineering industry to realise the change 
in training techniques. We want more technical 
specialists, less operators. Is it a fact that we all 
recognise? Few of us take the trouble to study what 
it means in our daily approach to the job. 


problem of responsibility 


‘To proceed a stage further with the qualities that 
we are looking for in our student, we now come to 
this problem of responsibility. I regard the sense of 
responsibility as perhaps the rarest quality of all, 
because so few people reach out to take it with joy 
and pleasure. So many people find it difficult to 
accept responsibility. They have a negative approach 
to this problem of being responsible for other 
people’s mistakes. It is at this stage that the produc- 
tion engineer has to make a decision, although per- 
haps he doesn’t realise it, as to whether he remains 
a production engineer or becomes a manager. 
He is now getting to the point where he has to 
develop his ability to judge character, to be able to 
deal successfully with the art of the selection of his 
subordinates, and to organise his job in such a man- 
ner that he can be free to be continuously grasping 
opportunities of new enterprise and delegating work 
of a more minor character. This is an essential part of 
the training of a senior production engineer if he is 
to reach the heights that he has set for himself. He 
doesn’t realise this at the time. In fact, it is an aware- 
ness which comes to him as a gradual process. It is 
the question of intentness, at all times cultivating the 
natural instinct for progress. It is, of course, also the 
ability to judge and grasp the opportunities that 
present themselves, and it boils down in the long run 
to appreciation of the “ sense of responsibility ”. 


a high standard 


It may be thought that, in analysing the problem so 
far, the standard has been set very high and indeed 
it is. But we have to consider whether we have set the 
standard too high. If we examine what has been done 
in other countries of the world, for example, in the 
United States of America, Germany and Russia, it 
must be recognised that they are making far more 
rapid progress than we are, in spite of what we have 
done since the War. We have a much smaller per- 
centage of qualified men in our industry compared 
with other countries and in broadening our outlook 
and our field of experience, I cannot stress too highly 
the necessity for travel whenever the opportunity 





occurs. These excursions can rarely be regarded as 
holidays. They are a matter of intense concentration 
on new ways of life, new products, new methods, new 
machines, new people, and generally have to be con- 
ducted in an atmosphere of urgency because of the 
limited time at our disposal. But, nevertheless, each 
time one visits another factory, whether it is in this 
country or whether it is in any other part of the 
world, it is certain that there is something to be 
learned, even though it cannot be pinpointed 
immediately and one cannot apply the ideas in the 
factories at 9 o’clock the next morning. But there is 
no doubt whatever that the mind broadens and the 
ideas develop. It is particularly noticeable when you 
are able to discuss your common problems in another 
country. 


the Institution’s role 


Now, in regard to this broadening of one’s 
experience and knowledge, the Institution is playing 
a terribly important part. Members will have seen the 
rapid growth of the Institution in its stature 
since the War, and the more steady growth 
of its membership. We are not _ interested 
in members just to swell the ranks. We are 
concerned with getting into our Institution, on the 
one hand, men of mature experience who contribute 
to the pool of knowledge that needs to be widely 
disseminated; and, on the other hand, the Student 
who is anxious to learn how to proceed by stages from 
Student to a full Member. Technical publications 
pour out almost every day from so many bodies con- 
cerned with technical advancement, and _ our 
Institution is no exception to this. The trouble, of 
course, is that one does not find time to read it ali 
thoroughly, so I commend to you that you study a 


little the art of rapid reading to help you in this vital 
matter of extracting from an article the precise piece 
of information which is of interest to you. 


Our Institution has more technical meetings in 
this country than any other Institution, so far as I 
know, and certainly we are the specialists on produc- 
tion practices. It is, of course, at these meetings that 
one not only has the benefit of hearing a Paper from 
an expert in his subject, but also the chance to meet 
members and visitors and get to know something of 
their more personal experiences. It is in_ this 
atmosphere that one never fails to learn something of 
other people’s problems and of their solutions; again 
this broadens the capacity for fresh thinking. 


The best way of making a contribution to this is to 
decide that it is important to work for the Institution, 
to determine what you can put in, and balance this 
against what you think you get out of it. 


Some years ago, we did some more research on 
management activities and decided that in a 
membership of the Institution of just over 9,000 
members, more than 1,000 of those members were 
actively engaged in committees of one kind or 
another throughout the United Kingdom. That is a 
much higher percentage than any other technical 
professional institution that I know, and is very 
creditable indeed. But there is much more to be done. 
Many more fields remain to be explored. Members 
require to be relieved of their responsibilities from 
time to time and fresh minds are wanted, and this is 
an opportunity for you. A chance to get closer to the 
problem, closer to the people, which is bound to have 
a tremendous effect on your way of life and on your 
career. And, finally, it is no coincidence that the top 
men in The Institution of Production Engineers are 
amongst the top men of industry. 
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THE POWER BEHIND PRODUCTION 


by Canon NOEL BOSTON, M.A., F.S.A., R.D. 





HAT on earth is a parson doing talking to a 

conference of production engineers ? Of course, 
I may claim to be a production engineer myself, for 
I suppose that I have to solemnise over 50 marriages 
a year and if that is not engineering production | 
don’t know what is! 


I am here as a parson, as a disciple of One who 
worked for most of His life in a carpenter's shop at 
Nazareth, and not as a welfare worker, though the 
welfare side of things must obviously come into your 
production. 

I intend, then, to endeavour to show that we have 
very much in common and to suggest that, in 
production for the sheer joy of production, we have 
an activity which is not only natural, but essential, if 
man is to attain his full stature. Of course, I do not 
use the word production, but creation. Now, perhaps, 
you see why I am here. 

The Bible opens: “In the beginning God creatcd 
the heaven and the earth.” A little later, in the very 
same chapter, it says: “And God said, let us make 
man in our own image, after our likeness . . . So God 
created man in His own image, in the image of God 
created He him.” 


a common standpoint 


In other words, man is designed to be himself a 
creator for, unless he becomes a creator, he is failing 
to be what God has designed him to be. A priest and 
a production engineer, then, have a great deal in 
common. The priest is concerned to do all in his 
power to make men grow more like God, Who is a 
creator or producer, and a production engineer is 
concerned in bringing the science of engineering to 
bear on production. It is not really so strange that I 
should be with you, and any apparent surprise is 
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itself the measure of our failure to appreciate the true 
nature of creation and production. 

There is a lot in words, and it may be that we must 
examine those two words very carefully. Is creation 
synonymous with production ? Can we create with- 
out producing, or produce without creating ? 


the creative instinct 


It is the instinct to create that is the important 
thing, and this instinct can be expressed in so many 
ways. Physically we see it at work in conception and 
birth, we see it in the products (note that word) of 
hand, ear and eye ; literature, music, architecture, 
painting. The psychologist Freud based everything 
on sex. I do not know how fashionable he is today 
but if, for ‘sex’, he had changed the word to ‘creative 
energy or ‘creative impulse’, I should certainly not 
quarrel with his findings. You notice I use the word 
creation, and not self-expression. There is far too 
much loose talk about self-expression but, after all, 
there is no point in self-expression, at least as far as 
other pecple are concerned, unless you have a self 
that is worth expressing. I imagine that in production 
engineering a most healthy economic law insures that 
your production is such as appeals to others. 


But to return to creation and production. Are both 
being done ? I can imagine the man at the top, the 
master mind, the designer, the inventor, finding 
himself in his invention. There on the drawing 
board or the rough scribbled note or design is 
creation. But can it be said to be equally present in 
the girl who pulls the lever, presses the button or 
stamps on the pedal hour after hour so that a 
machine can produce ? Is she creating, is she ex- 
pressing herself, or is she a slave to the machine so 
that, to keep her sane, she must be diverted by a 











loud-speaker blaring out music whilst she works, until 
the longed-for hcoter puts a period to her slavery and 
she rushes out to indulge her starved creative instinct 
in the second-hand delights of television or cinema, 
or the proxy sport of watching, but not playing in, a 
football match. The power behind production is the 
power behind creation itself, and that is the Almighty. 


Since man is created in the image of the Creator, 
man must himself create or fail to be what he was 
meant to be. We must recognise that this power to 
create, to produce, is inherent in man’s very nature, 
that it is a divinely inspired immutable law. Unless 
this is recognised and more than recognised, unless it 
is fostered and encouraged, those secondary fruits o! 
the production engineer, goods and profit, will never 
be what they might otherwise be. 

The power behind production then is God, and, in 
human beings this power is a primary power. You are 
production engineers, not just engineers. In your 
professional avocations you are, all the time, seeing 
the thought of the inventor taking concrete physical 
shape. It is your job to make it so. Here we recognise 
the existence of a primary state and a secondary 
state. Both are essential. There is the thought, the 
idea, which is primary; then there is the materialisa- 
tion of the thought, the creation of the material 
object, which is secondary. You, as production 
engineers, are concerned with both, and in this again 
you follow divine precedent. Material cannot exist 
unless mind is behind it. Read through, again, the 
account of creation in the Book of Genesis. It may 
well be allegorical but this is outstanding; God, the 
Universal Mind, existed, and the physical world was 
called into being. The mind of the designer must 
visualise his production before ever it can take 
material form. This relation of Mind and Matter 
must always be before you, and you must never deny 
either part. The good designer must be conversant 
with the practical problems attendant on the 
materialisation of his designs and, I would like to 
add, those whose task it is to bring into actual 
material existence the plans of the designer must not 
be denied a knowledge of those plans. 


the business motive 


So far I have tried to suggest to you that the power 
behind production is a Divine urge, an inherent and 
necessary part of the make-up of every human being, 
just because he or she is human and designed in the 
unage of the Creator. We must now turn to what is, 
after all, but another aspect of power, namely, motive. 
Right at the outset we must recognise that this 
motive may be, and often is, subservient to the ex- 
pression, the necessary expression, of the urge to 
create. Now, I believe that the motive of business is 
profit. A little thought must show that this must be so. 
Unless we make a profit we cannot achieve the money 
without which our business, our production, our 
creation, can be brought about. In this sense the 
profit motive is absolutely essential, but what I do 
want to suggest is that this essential profit motive is 
not an end in itself. It has, I understand, been said 


that: “If the balance sheet is right, everything is 
right.” This I cannot allow to be true. If it were so, 
the be-all and end-all of business would be profit. 
Perhaps this is where the production engineer and the 
business man, as such, part company. Perhaps it is just 
here that the production engineer emerges as a pro- 
fessional man in contradistinction to the mere business 
man, if I may say so without offence. My contention 
is that, though profit may be an essential part of 
modern creativity, the satisfaction of the urge to 
create is, in the end, the final motive. 

Has the consideration of this “Power Behind 
Production ” got anything to do with the problems, 
peculiar among engineers to the production engineer, 
of the bringing about of production from the labour 
viewpoint ? Does it, in fact, enter into employer and 
employee relationships ? Of course it does. The job 
of the production engineer is, I take it, to produce. 
To him the drawing board is only of use if the factory 
can materialise its ideas. In this sense the happiness 
and quality of the work of the employees must be, 
not equally important to the production engineer as 
the condition and maintenance of his machinery, but 
a lot more so. He must become, in fact, the head of a 
little community of people and not just of a produc- 
tion unit. 


self-expression in work 


‘that the men and women should be happy in their 
work is of prime importance and it is also important 
that they should find themselves in their work. What 
has been said of the production engineer himself is, 
all of it, equally true of the men and women he 
employs. Really the case is one and not two. We 
seem to have got things so “ cock-eyed”. It would 
seem to one outside industry that wages have been 
exalted till they become more important than any- 
thing else. This has had the effect of divorcing cause 
and result. Instead of actual production, time has, all 
too often, become the yardstick of the amount to be 
paid, with the inevitable result that a man thinks he 
can sell his time. 

Let us get this quite straight. A man’s time, as 
such, is of no value whatsoever to anyone except him- 
self and to him it is so valuable that it is beyond 
price, for it is his life. The time-wage motive, I 
suggest, is one of the greatest causes of unhappiness 
and unrest that there is. Unrelated to production, it 
produces an entirely false economy but, what con- 
cerns me more, it produces an entirely wrong attitude 
to work. A man works through a certain time because 
in no other way can he qualify for the wage packet. 
Work thus becomes a necessary evil to be got through. 
How far modern mass production is responsible for 
this I do not know, but I believe it is wrong to say 
that this attitude is brought about by greater and 
greater mechanisation. 


a possible solution 


Automation may be a solution, for it may well 
restore man to his proper place as a planner, a 
creator, and abolish the old disgrace of reducing a 
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human to a mere machine-minder. The trouble seems 
to be today that we have departed from the old hand 
creation of things and we have not yet arrived at a 
creation by machines where man’s part is the 
designing and governing of the machines. 


Perhaps we can put it more simply, by saying that 
what is wanted is that the mass of workers should 
take a pride in their work and that the employers 
should see that the tasks to be done are such as allow 
scope for a pride in work. In other words, give your 
employees a chance to be creators as well as you 
yourselves. 


You, as production engineers, will know very well 
the difference in the product of the man who takes a 
pride, an interest, in his work, and the man who does 
not. I would go so far as to say that you can see the 
difference on the faces of the people as you go round 
a factory. Give everyone you can the chance to have 
some obvious responsibility, some actual creation, 
some partnership in the work you are doing. There 
must be irksome work, I know, especially at the 
beginning, but could not some scheme be devised in 
which the boy and girl fresh from school was in- 
structed in the ultimate importance of the little nut or 
bolt they were making, how its function was 
necessary, correlating in their own minds their 
particular task to the output of the factory ? Folding 
things is not very exciting; yet those girls who folded 
parachutes in the War were almost infallible. Why ? 
Because they realised completely the vital nature of 
what they had to do. Can we get that long view 
down to the seemingly trivial but essential works ? 


only one problem 


Master and man are not two problems, but one. 
So far we have seen how the scope for creation is 
essential to both. We saw how profit entered in as an 
essential but secondary motive. If this is true of 
master, so it is of man. I am certainly not qualified to 
enter the complicated paths of industrial economy, 
but it does seem to be a mad order where a man is 
paid exactly the same for doing his work well or ill 
so long as he takes a certain time over it. 


In speaking of the Power Behind Production I 
am dealing with principles, with the immutable laws 
of creation. They are so often forgotten in the 
attempt to apply efficiently just what people have 
forgotten. These principles are my concern. Both they 
and their applications are yours as _ production 
engineers. 


I have left till last that aspect of the Power 
Behind Production which we call service. 


First and foremost, the Power Behind Production 
is the urge to create that lies in every man just 
because he is made in the image of the Creator. But 
after each phase of creation, as described in the 
Book of Genesis, come the words “And God saw that 
it was good ”. 

Hence, true creation has in it the element of 
desiring to do good, to make someone else the better 
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for your creation, your work, and this helping of 
other people we call service. It is a very important 
thing and its recognition imparts dignity to any work. 
It also gives fresh and additional purpose to the 
quality of our work. 


I would like to see posters in factories: ‘‘ These 
people are relying on you for * and then 
pictures of the various uses to which your particular 
production may be put. Get that clear and also 
remember that it is immoral to produce anything 
which is useless, or of which it can fairly be said that 
it does no one any good but the person that makes 
and sells it. The Rotary motto: “Service before 
self” is a splendid one for the works, but see that it 
goes right through it. In fact, let the purpose of the 
production be clear that it is good, let all have their 
share in its creation and give every encouragement 
for them to take a pride in their work. Do this and 
you will find that inherent desire to make, to produce, 
grows and with it will grow a joy, a new joy found 
in work. 


improvement 


With this new happiness, which is the result of 
people being given scope for their creative urge, must 
come a new pride in work and a consequent improve- 
ment in quality. These things are of primary 
importance. They will most surely bring about, also, 
more sales and more profit, which, though from my 
angle is of secondary importance, is nonetheless of 
importance. Moreover, problems of employer- 
employee relationships will tend to vanish away. 


I have tried to suggest to you that a serious con- 
sideration of the Power Behind Production is an 
essential part of your work as production engineers. 
One of the curses of modern life is that we tend to 
departmentalise life. Circumstance, training and 
environment all militate to produce different 
atmospheres, and when a man from one profession 
is invited to address another on the ways in which 
his own concerns impinge on those of the other pro- 
fession, he is always liable to see the theoretical 
opportunities, whilst remaining in abysmal ignorance 
as to the practical difficulties. 


the immutable laws 


I have tried to put before you certain basic truths, 
certain principles, certain theological deductions and 
what I believe to be immutable laws. I believe that 
they are essential to the men and women in industry 
and therefore to industry itself. How to implement 
these ideas I would not presume to suggest. That is 
for you to say, for you to work out, but that they can 
be implemented eventually I firmly believe. No doubt 
you meet in conference in your various firms over 
points in policy, production, advertising and the like. 
As members of a great profession harnessed, by its 
very nature, to the processes of industry, I would ask 
you to meet and consider, from time to time, the 
working out, in your own concerns, of the Power 
Behind Production. 











URING May, 1955, the Company began mass 

producing large quantities of high rupturing 
capacity fuses, in the course of which all inspection 
was Carried out on a floor-to-floor basis. 

It was found from test results that there was a 
fairly high percentage of rejection. Also, as output 
was increasing, the management decided that the 
existing inspection system must be streamlined and 
improved to enable it to deal with the higher pro- 
duction rate without unnecessarily increasing over- 
heads. 


management policy 


The management decided to apply Quality Control 
methods to the H.R.C. fuse production, and also to 
set up a Quality Control Department operating 
within the existing inspection organisation. 
Immediate training was to be given to senior 
inspectors who were to be responsible for the opera- 
tion of the Quality Control scheme, and a general 
training in quality methods was to be undertaken in 
due course. 

The management also decided that the control 
schemes used should be simplified as far as possible 
for general use, and that all technical jargon shou!d 
be kept away from the shop floor. 

The economics of the general production were 
investigated by the Cost Departments and the Quality 


* “Case Studies in Quality Control” - 


QUALITY CONTROL AS APPLIED TO 


CASE STUDIES* 





H.R.C. FUSE PRODUCTION 


by J. H. Bonaker, A.M.1I.E.I. 


Controller was able to inform the Production 
Department that he was in a position to accept a 
final rejection figure of 3°/,. But, obviously all effort 
must be put into the task of getting below this 
figure. 


assessment of product variability 


Having obtained from the management a maxi- 
mum acceptance figure of 3°, the next step was to 
assess the inherent variability of the processes. In 
other words, was it reasonable to expect that a 3°/ 
level could be reached with present methods and 
layout? With this idea in mind, quality checks were 
set up at all stages of manufacture using existing 
methods and materials, and after running these for 
between three to four weeks it was possible to 
analyse the results. From this, we found that it was 
possible to manufacture H.R.C. fuses under existing 
conditions with a process defective of 3°94 (approxi- 
mately). Since the management had already stated 
that an economical figure was 3°, we now realised 
that it was possible to forge ahead with the scheme 
of installing Quality Control on to H.R.C. fuse 
production, and also to commence to control in- 
coming material and components which were manu- 
factured at Witton (i.e., end tags and caps (Press 
Section) ). 


a course recently organised by The College of Advanced Technology, Birmingham. 


An introduction and the first four lectures appeared in the November Journal. 














Mr. Bonaker is Deputy Chief Inspector, 


Switchworks, at The General Electric 


Company Limited. 



































































training of senior inspectors 


A course of five two-hour lectures was arranged for 
senior inspectors who were responsible for any of 
the sections where Quality Control was to be 
applied. These included: Incoming Inspection 
Department, Press Section, Machine Shop Inspection 
and Assembly Section. 


The object of this course was to introduce these 
section inspectors to Quality Control methods and 
to encourage and instil confidence in the system 
which was to be employed. 

It was also pointed out to the senior inspectors 
that it had been decided that 100°/, inspection was 
not achieving the required results and, in any Case, 
from information which had been compiled it was 
clear that 100% inspection was also uneconomical. 

It was also stressed among the senior inspectors 
that it would be necessary to create confidence in the 
scheme among production personnel, and this was to 
be done by applying industrial psychology. We no 
longer wanted inspectors to play the role of police- 
men trying to catch out the producers. 


Modern Quality Control is the combination of all 
the devices and techniques that are used to control 
product quality at the most economical costs which 
yield adequate customer satisfaction. 


A quality product is the result of the co-ordinated 
efforts of all sections of a production organisation. 
Adequate, high-grade raw materials must be avail- 
able, and it must be economically feasible to produce 
the design specified. The production equipment must 
be capable of making a quality product and must be 
properly operated. Inspection must be prepared to 
detect quality deficiencies at strategic points and to 
provide data that may be used for corrective action. 


‘Quality cannot be inspected into a job; it must 
be built into it.” 


“No amount of inspection will improve quality in 
a direct sense.” 


“Inspection will only show up bad quality.” 


introduction of Quality Control to shop 
supervision 


Before the system was installed, representatives of 
shop supervision and unions of the departments 
which would be affected were invited to a meeting 
to discuss the project, and although there was a 
certain amount of scepticism there was no direct 
opposition. It was explained that under Quality 
Control it is fundamental that defects be caught as 
quickly as possible after being created. This permits 
prompt corrective action and avoids putting further 
work into material that will be scrapped anyway. 
Inspection stations should be close to the operators 
where important quality characteristics are deter- 
mined by the processing operations. In some cases 
this may mean putting control charts on each of a 
number of operations, and in others a sampling 
inspection at the end of a processing line. 
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It is also fundamental that the operator be 
supplied with the necessary gauges or measuring 
devices to be sure that she is producing satisfactory 
work. Making the product right the first time is the 
goal. Catching defective work after it is made is a 
poor second-best. 


quality-mindedness 


Quality-mindedness is a prerequisite for a quality 
product. Fortunately, most people want to do good 
quality work and if given the opportunity will do it, 
but unfortunately, modern mass production has 
tended to submerge the natural outlet for pride of 
workmanship experienced by the craftsman who 
dealt directly with his customers. The importance 
of quality was brought home to him forcibly by his 
customers; poor work brought its penalty quickly. 
In modern production methods, the workman usually 
has no direct contact with the consumer. 


Furthermore, great pressure is often brought to 
bear upon him to increase the quantity of his output 
without a like amount of pressure to increase the 
quality of his work. Often he is paid by the piece, 
or given a bonus, for producing more than a 
“ standard ” amount under an incentive system that 
counts all units of work produced, regardless of 
quality. It is little wonder under such circumstances 
that product quality is so commonly a major 
problem 


a “ bill of rights ” 


The workman has a right to certain considerations 
if we are to expect him to do good work. We might 
call these considerations “the workman’s bill of 
quality rights”. They are : 


1. Satisfactory physical conditions under which to 
work. 

Good raw materials. 

The right tools properly maintained. 
Adequate instructions and training for the job. 
Good supervision. 

The means to check his own work. 

A reward for good quality work. 


ND re oT 


Deprive the workman of any of the above and 
quality will suffer. The need for most of them is self- 
evident, yet all too often they are ignored or 
neglected. Sometimes it is not possible for the work- 
man to check his own work directly. In such cases, 
the inspector or whoever does check it should do so 
as quickly as possible, and immediately inform the 
worker of the results. 


Most important of all, the worker should be 
rewarded for good quality work. If there is no 
reward, there is no incentive. One of the most basic 
human needs is the need for recognition. If we fail 
to recognise good workmanship, can we blame the 
workman for not trying ? An ounce of praise for 
good work is worth more than a pound of blame for 
poor work. 
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setting of standards 
defect classifications 

A fairly common way to classify defects is: 
critical, major, and minor. A critical defect is one 
that will make the product completely inoperative. 
A major defect is one that will materially reduce the 
efficiency or effectiveness of the product and that will 
require repair to restore satisfactory service. A minor 
defect is one that will have little effect upon 
efficiency or effectiveness and that will not require 
repair. An additional category sometimes used is 
incidental defects. ‘lhese are usually appearance 
defects that have no bearing upon the tunctioning of 
the product, but are indicative of quality of work- 
manship. 

\We teei that defect classifications such as the above 
serve the very useful purpose of directing attention 
to defects in some reasonable relationship to their 
seriousness. They are not hard and fast things that 
can be measured as one measures inches. Their 
determination requires both technical skill and 
experience, but even with these limitations they can 
be helpful in directing control and corrective efforts, 
and also in helping suppliers understand their 
customers’ needs. 


incoming materials 


Batches of incoming goods were to be accepted or 
rejected on the basis of sampling inspection. The 
sampling plans used by the Company are those 
issued by Philips Electrical. Inspection records are 
already kept on classified cards, and the quality 
history of any item can be seen by glancing at the 
appropriate card for each of its suppliers. Any action 
to be taken with a supplier is thus indicated. 

Sampling plans were chosen on the basis of an 
acceptable quality level and a lot tolerance. 

The acceptable quality level is chosen according to 
the nature of the goods, while the lot tolerance 
depends on previous quality history, batch size, etc. 

The extent of raw material inspection may be 
reduced as confidence in a_ supplier’s quality 
increases. 

The Company is therefore urging its suppliers to 
use Quality Control technique to improve the quality 
and consistency of their supplies, and are meeting 
with some success in this direction. Main troubles 
arise from supplies of porcelain bodies with + 2°/ 
manufacturing tolerance. 


manufactured components 


These components were the tags and end cap: 
and therefore only three manufacturing departments 
were involved: the Press Section (producing): 
Machine Shop (skimming end caps); and the Plating 
Shop. Fraction Defective Charts were set up in each 
of these departments to facilitate control. 


general assembly 


The general assembly of the fuses was broken down 
for inspection into nine stages and the following 
forms of Quality Control were applied : 


Stage Process Control 


1. Manufacture of elements Statistical control and 
fractional defective 
a Stamp bodies Fractional defectives 
3: Tit inner caps Fractional defectives 
4. Fit element Fractional defectives 
3: Solder elements Fractional defectives 
6. Outer cap, one end, Fractional defectives 


sandfill and plug 


LE Outer cap, second end Fractional defectives 
8. Load and label Fractional defectives 
3 Final inspection Batch sampling 


personnel needed 

No hard and fast rules can be set down with 
respect to the number of people needed to staff a 
Quality Control group; however, there are some 
general types or levels of activities that are common 
to most organisations. These may be concentrated 
in a few people or spread over many, depending on 
the size of the company and the nature of the quality 
problems involved. 

First, there is the management activity or direction 
of the programme. ‘This requires the ability to 
organise and administer a new _ programme. 
Familiarity with the nature of engineering and pro- 
duction problems is highly desirable. Familiarity with 
the nature of the Quality Control field is a must. 

Second, there is the activity of quality planning. 
This function requires an engineering type of 
approach. Some of the problems involved are the 
setting of quality standards; controlling the quality 
of incoming materials; what to inspect for and where 
to inspect; what sort of sampling procedures to use; 
what sort of tests to conduct; how to evaluate the 
finished product; and how to evaluate the customers 
reactions to the product. 

Third, there is the activity of gathering data. This 
function requires the ability to follow detailed in- 
structions, and to observe relevant conditions that 
may not have been anticipated. 

Fourth, there is the activity of recording and 
handling the data collected. This function may range 
all the way from the clerical task of recording or 
tabulating the data collected to the preparation of 
summaries, graphs or charts, or the analysis of data 
and its interpretation. 
conclusion 

The general scheme which I have outlined is a 
true record of our efforts at installing Quality 
Control on to the H.R.C. fuse production, and we 
are now operating well below our 3°/, rejection level. 

The Inspection Department maintains cordial 
relations with the H.R.C. Production Department, 
although it will be accepted that even in the best 
regulated families some disagreements do arise 
occasionally. However, the training scheme has 
provided for this occurrence, and considerable time 
has been given to instilling into inspection staff the 
need for patience, tolerance and understanding, and 
the development of the problem of human relations. 

We find that the time was well spent and in 
general this training has had a beneficial effect upon 
the section’s general quality and output. 
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CASE STUDIES 








CONTROL OF QUALITY IN THE 





MANUFACTURE OF BEVEL GEARS 


by G. E. Paterson 


hs this lecture, 1 propose to give a general practical 
approach to the controlling of quality in the manu- 
facture of bevel gears. 


It will not be possible to cover every aspect of the 
problem, so those items mentioned should be con- 
sidered as most essential, for quite a number of points 
that could be raised are common to the control of 
quality in most machined parts. 

The geometry of a bevel gear is such that its 
construction is fixed in relationship with a point in 
space. As it is not possible to measure from this point, 
it is necessary to fix some other location, in relation- 
ship to this point, from which to work. 


The gear blank is the body on which the bevel 
gear teeth are going to be cut, and the accuracy of 
this blank decides mainly the accuracy of the gear. 
(Fig. 1.) 

As a general rule, in small and medium size gears 
of good quality for industrial purposes, bores are he!d 
to +.0005 in./-.0000 in. and shanks +.0000 in. / 

~.0005 in. These limits may be halved or doubled 
according to size of gear or quality, i.e., precision. 


The axial locating surface, or back face of the 
hub of the conventional type gear blank, is fully as 
important as the bore; it is essential that this surface 
be flat and true with the bore within close limits. The 
total axial runout should not exceed .0005 in. for 
good quality gears of small and medium sizes. 


The importance of these two surfaces cannot be 


emphasised too strongly, for the bore locates the 
blank radially, and the back face locates the blank in 
its correct relationship with its cone centre or, as we 
first mentioned, the point in space. 


These two surfaces are used for locating the blank 
for cutting the teeth, testing the pairs together, and 
generally for final assembly. 


On drawings, apart from the general dimensions, 
angles, etc., the mounting distance and crown to 
back should be clearly shown. The crown to back 
is the only physical means of measuring the gear 
blank, for its correct relationship to its cone centre. 


In some instances, it is necessary to remove metal 
from the back face after teeth have been cut. Where 
this is so, a datum face should be arranged from 
which the machining operation can be checked, to 
ensure correct dimension between the back face and 
cone centre of the gear or pitch line of the teeth. 


forgings 

Forgings play quite a large part in bevel gear 
manufacture, especially in high production. It is 
essential to ensure that forgings have been correctly 
normalised before machining. For carburising steels, 
it is generally 25°F -50°F above the carburising 
temperature. 

A straight normalising treatment may provide too 
soft a metal for machining, and in this case a com- 
bination cycle should be used to give a hardness 
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range of 180 - 200 Brinell. The cycle for annealing is 
thoroughly soak 1,725° - 1,750°; cool rapidly, air 
blast 1,200°F; slow cool 50°F per hour to 600°F. 

Apart from normalising, incorrect forging prior to 
the finished forging can affect the grain flow in the 
blank, so giving distortion after hardening. Fig. 2 
shows possible incorrect forging technique applied 
to pinion forging. 

There is generally some change in shape after 
hardening from the soft cutting, but as long as it 
is constant, it can be allowed for. 


For this reason, when a new cast of metal is used, 
or a fresh consignment of forgings supplied, trial 
batches should be cut and processed to note if their 
reaction after hardening varies from the previous 
batch. If so, changes can be made in the cutting 
process for the new supply, based on the trial batch. 


The manufacture of the blanks can generally follow 
that of other similar machine parts, with similar 
inspection. The main points here are :- 


Ensure bore true with back face, then use these 
surfaces to machine rest of blank. 


On shank type pinions ensure working diameters 
are true with centres, for although pinion is cut off 
working diameter, it is ground off the centres after 
hardening. 


On small batches or production batches maintain 
constant dimension between back face and crown 
apex. Often on small batches this dimension has 
varied and it has been necessary to alter the machine 
setting for each blank. (Fig. 1.) 


A good blank deserves arbor equipment, and this 
should be made substantial enough to hold the job 
rigid, and accurate to hold the job true. Fig. 3 shows 
a typical arbor. 


Blank location surfaces on arbor equipment, when 
properly installed in the machine spindle, should run 
true within .0002 in. Fig. 4 illustrates the method of 
locating the blank in correct cutting position on the 
machine. 


The cutting machines and some testing machines 
have a vernier attached to the work spindle slide. 
This vernier enables the front location face of the 
spindle to be set in relationship to the centre of the 
machine; for example, if the vernier could be set 
to zero, the front face of the spindle would be over 
the centre of the machine. 


The taper on the arbor should be made correct so 
that taper and shoulder contact the work spindle. 


The necessity for accurate blanks and emphasis 
on back face can now be seen. By adding together 
gear mounting distance “A” and arbor thickness 
“B”, and setting the work head vernier to the sum 
of A+B, the blank is correctly positioned in relation- 
ship to the machine centre. 




















Fig. 3. An arbor for roughing gears in the No. 16 hypoid 
rougher. 


Etching the shoulder thickness on arbors ensures 
correct setting of the machine, and saves time in 
checking the dimension each time the arbor is used. 


straight bevel gears 


Except where special completing cutting methods 
are used, i.e., the teeth are finished complete in one 
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cut from the solid blank, for good quality gears, the 
teeth are roughed first to full depth +.005 in./ 
—.010in. This ensures that the finishing cutters do 
not cut on the points, but only on the side cutting 
edges. Sufficient stock should be left on the tooth 
flanks for finishing, generally about .010 in. per side. 

On straight bevel pinions where there is greater 
profile curvature on the teeth, special cutters can 
be made to follow closely the finished profile. Other- 
wise straight bevel gears are roughed with straight- 
sided cutters. 

It is essential when roughing large gears to have 
a rigid support behind the gear teeth, and also to 
use a driving pin or keyway to prevent the blank 
slipping. Using the two tool generator for roughing 
ensures a taper roughed tooth, whereas roughing the 
teeth on a milling machine produces a tooth with 
excess metal on the heel, so giving extra work for 
the finishing cutters. Straight bevel gears finished by 
the generating method have the finishing tools 
attached to cutter slides mounted on a cradle, which 
rolls in relationship with the work spindle on which 
the gear to be finished is mounted. 

Sufficient roll only is necessary to generate the full 
profile of the teeth; excess roll affects the finish and 
cutter life. Roughing as previously described by a 
milling type cutter makes it necessary to use excess 
roll for finishing. 

Excessive tool strokes in relation to the feed cycle 
are not necessary. It will be found that often strokes 
per minute can be reduced as long as flats are not 
generated on the tooth profile. 

Finish should be free from flats, irregular lines 
along the teeth and tear marks. Soft material is 
generally the worst for poor finish. 
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Fig. 4. Method of locating blank in correct cutting position. 
Dimension A + B is called the Head Setting and is the dimension 
to which scale and vernier at side of head are set to bring 


blank in proper cutting position. 





















Fig. 5. No. 13 Universal Gear Tester for 

testing bevel gears operating at any shaft 

angle. The arrows indicate the adjustments 

used to change the position of the tooth 
bearing. 


testing 


Straight bevel gears are tested on testing machines 
in pairs, either the one produced against its mate 
being previously cut and used as a master, or against 
its mate being cut on another machine. 

The pairs are rotated by power, one member driv- 
ing the other member, the driven member having 
a light brake load exerted on its spindle for bearing 
location test, and a heavy load if necessary for bear- 
ing movement test. 

Fig. 5 illustrates a Universal gear tester. The 
arrows indicate the direction of movements availab'e 
for fully testing a pair of bevel gears. 

Gears being tested are mounted in the test machine 
at their correct relation to their cone centres, which 
duplicates the position they will take in final 
assembly. The setting of the machine centres can be 
made either by verniers if the machine is fitted with 
them, in which case the same method as used for 
the cutting machine is used, i.e., mounting distance 
plus arbor distance; with setting discs as in Fig. 5A, 
or with slip gauges. 

Checks from the machine can be taken as follows :- 


1. Backlash; moving the gear members axially into 
mesh from its correct centre to metal-to-metal 
contact with the pinion, will give an indication 
of backlash reading; the amount varies accord- 
ing to pressure angle for .001 in. backlash 
144 PA .002 in. 20°, .0015 in. 25° PA .001 in., 
or by locking one spindle and checking the 
gear with a dial indicator at correct centres: 





locating the indicator directly against gear 
tooth gives a direct backlash reading. 


2. Concentricity : by painting the gear teeth with 
a marking compound, then running them in 
both directions by power under a light load, 
the contact points between the teeth will show 
up as a dark ring against the compound 
colour. 

A true contact ring indicates a true gear. 





Fig. 5A. This photograph illustrates the use of set-up gauges 
for precisely locating testing machine workheads. These 
gauges are specially made for each job. 
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TOOTH BEARINGS 


The following sketches illustrate tooth bearings on the pinion 


tooth. Although a left-hand pinion is used throughout, the 


bearings are representative of those on a right-hand pinion 


or a straight bevel pinion as well. 
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Figure (A) Central Toe Bearing 


Figure (A) shows a central toe bearing. Note that the 
bearing extends along approximately one-half the 
tooth length and that it is nearer the toe of the tooth 
than the heel. In addition, the bearing is relieved 
slightly along the face and flank of the tooth. Under 


Figure (B) Desired Bearing Under Full Load 


Figure (B) shows the same tooth with a bearing as it 
should be under full load. It should show slight relief 
at the ends and along the face and flank of the teeth. 
There should be no load concentration at the ex- 
treme edges of the teeth. 














the light loads the tooth bearing should be in this 
position on the tooth. 
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(C) Toe Bearing (P) Heel Bearing (D) Cross Bearing 
Figures (C), (P) and (D) above show differences in spiral angle between the gears tested. 
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(E) Low Bearing (F) High Bearing (G) Lame Bearing 
Figures (E), (F) and (G) show differences in pressure angle between the gears tested. 
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(H) Wide Bearing (1) Narrow (Pitch Line) Bearing (3) Bridged (Profile) Bearing 
Figures (H), (1) and (J) illustrate width of tooth bearing. 
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(K) Long (Full Length) Bearing (L) Short Bearing (M) Bridged (Lengthwise) Bearing 
Figures (K), (L) and (M) illustrate length of tooth bearing. 
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(N) Bias In (O) Bias Out 


Figures (N) and (O) illustrate bias vearings. Regardiess of the hand of spiral on the pinion, ‘‘bias in’’ will always run trom the 
flank at the toe to the top at the heel on the convex side and from the top at the toe to the flank at the heel on the concave side. 


























An eccentric ring indicates runout on which 
member is out, although in the case of mitres 
this can be confusing unless the gears are 
moved in different relationship to each other. 
On other ratios generally the member with 
runout shows eccentric contact, and its mate 
shows a tooth contact the full width of 
eccentricity. 

A break in the ring indicates bad spacing 
or teeth not cleaned up from roughing. 


Running quality : a smooth quiet running gear 
indicates correct profile generation; this is 
also indicated by full profile bearing pattern 
(Fig. 6). Coarse running generally denotes in- 
correct setting in cutting machine or test 
machine; both should be checked unless the test 
machine has been checked with the master pair; 
bearing pattern shows either Fig. 6 E or F. 
The axial position on the test machine of the 
member being tested can then be altered and 
trial runs made on the test machine until a 
correct profile marking is obtained. The 
amount of alteration required on the test 
machine for correct running can then be used 
for an alteration of a cutting machine setting. 


Lengthwise bearing position on the tooth: Fig. 
6, A, B, C, D, indicate bearing positions pos- 
sible. “A” is generally the contact aimed for, 
and for light loaded gears “B” is asked for. 
The position for “C” and “A” generally causes 
some controversy, so the best way is to fix a 
definite vertical movement above or below 


centre whichever side is being tested, to give a 
full length bearing “B”. By this check a toe 
bearing condition can always be duplicated. 
In the case of “D” pattern, the amount neces- 
sary to alter the test machine to produce 
correct bearing, is also used to alter the cutting 
tool positions on the cutting machine. 





Fig. 7. Single cycle finishing cutter. 





Where straight bevel gears with localised tooth 
bearing are tested, the lengthwise position can be 
measured by the amount of vertical position needed 
to just place bearing at heel or toe and note the 
amount. Bearing illustrations are for gears with 
localised bearings, i.e., complex, straight bevels, 
Zerol, spiral and hypoid gears. 


spiral, hypoid and Zerol gears 


The same conditions for spiral, Zerol and hypoid 
gears apply as for straight, in relation to the accuracy 
and quality of the blanks, and even more so in the 
case of automotive rear axle gears, where high quality 
is required combined with high production. 

The tighter control of limits used through the 
manufacture allows for full use of the final assembly 
limits, but if some of the limits are used up during 
manufacture, then fewer limits are available at final 
assembly. 

There are several methods of manufacturing these 
gears, according to quality, size and quantity re- 
quired, though the most widely used method for 
automotive gears is roughing the gear to full depth 
+.005 in./-.010 in. and finishing at another setup 
with a cutter cutting each side of a tooth gear. 

The gear finishing cutters for high production are 
in the form of a face mill type broach (Fig. 7). The 
point width of each pair of blades increases in steps 
from the first to the last pair, they being spaced 
apart. The last two blades finish sizing the tooth gap, 
and indexing takes place between the last finishing 
blade and the first semi-finish blade. 

It will be seen here that close control over the 
roughing is essential. The first pair of semi-finish 
blades should hardly cut or not at all, and at the 
same time the whole of the teeth must clean up. 

The point width across the inside and outside 
blanks determines the thickness of the tooth, having 
been calculated from the initial gear design. 

The pinions are roughed to full depth + .005 in. 
to .010in. deeper, then finished in two separate 
operations with cutters using all outside blades for 
the concave side of the teeth, and all inside blades 





Fig. 7A. Typical spiral bevel, hypoid and Zerol gear cutters. 
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for the convex side of the teeth. Thickness is con- 
trolled by stock dividing gauges to give the desired 
backlash when mated with gear on a testing machine. 

Cutters for finishing the pinions (Fig. 7A) are 
arranged so that each blade can be set radially; the 
cutters are finally set on the finishing machine and 
each blade trued spot on using a .0001 in. indicator. 

Care in assembling these cutters is essential, for 
although a cutter may be trued up accurately at one 
point on the blades, some blades may be off on the 
angle due to bad assembly. Poor finish due to in- 
correct truing is shown by flats on the tooth flanks 
reaching from the root to the tip at an angle; the 
general finish is round about 100 micro-inches. 

Good finish in the sharpening of these cutters is 
necessary and with care a finish of 12-14 micro- 
inches can be obtained when sharpening. Material 
conditions being favourable, the finish on gears cut 
by this method can be from 30-75 micro-inches on 
average automotive gears, and 100 micro-inches for 
large gears. 

Slag inclusions in the metal causes the cutters to 
chip and results in lines along the teeth; also, 
soft material clings to the blade edge causing score 
marks. Extra side rake and experiments with coolants 
sometimes helps this condition. 

A line repeatedly extending from one point of the 
tooth, even after cutter sharpening, can often be 
traced to work hardening of the gear blank at that 
point during the forming operation. 





Fig. 9. Hypoid set-up gauge as used on the No. 17 Hypoid 
Tester. 
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Fig. 8. Zerol, spiral bevel and hypoid gears. 


On special gear finishing machines, it is possible 
to duplicate the set-up for one particular gear on 
a number of machines to within a limit of .0002 in. 
This is accomplished by special gauges. 

Gears produced from such a set-up are more or 
less taken as masters, although for general work the 
same applies. Providing the gear satisfies to tooth 
measurements, it is taken as the master to which to 
develop its mate. 

In spiral, hypoid and Zerol pairs, as previously 
stated (except where some methods complete in one 
cut), each side of the pinion tooth is completed 
at a separate operation (Fig. 8). By this means 
an ideal type of tooth contact is possible for each 
side, to accommodate different conditions of deflec- 
tion possible in assembly under load, and also to 
counteract distortion during heat treatment. 
Generally there is some form of distortion and as 
long as the same distortion occurs on each part. it 
can be allowed for before hardening. 

Having determined the type and position of bear- 
ing pattern required, the pinion is tested in the test- 
ing machine with its master gear. 


use of special gauges 


For accurate set-up of the testing machines, 
special gauges are used. Fig. 9 illustrates a hypoid 
set-up gauge, which fits into the arbor equipment for 
the job, and sets pinion and gear mounting distance 
and also pinion offset. 

Fig. 10 illustrates a similar gauge for spiral bevel 
gears. Here the two spindles are centralised by a 
tramming ring, while the mounting distances are set 
by a setting disc similar to that shown in Fig. 5A. 

The bearing position and measurement on spiral 
and hypoid bevel gears are controlled by what is 
known as the V and H check; the V being a vertical 
movement up or down of the gear or pinion axis 
aginst its mate, and the H being the horizontal move- 
ment axially of the pinion mounting distance. 

An amount of V movement requires an amount 
of H movement to keep the bearing pattern central 
on the flank of the tooth. V movement moves the 
bearing to the heel or toe whichever side is being 
tested, also slightly to the tip or flank. H movement 
moves the bearing to the tip or flank of the tooth, 
also slightly to the heel or toe. 

The amount of V to H varies according to the 
spiral angle and shaft angle, but final trials in 
assembly determine the correct ratio. 

















It will be seen that by means of the V and H 
check the bearing can be positioned anywhere along 
the tooth length, and a figure obtained for that 
position which is generally in a relationship with 
either the heel or toe. As an example, Fig. 6A, which 
shows a central toe bearing would need, say, V 
.004 in., H. .004 in. to bring the bearing to the toe 
(Fig. 6C) and V .015 in. and H .017 in. to bring the 
bearing to the heel (Fig. 6P). The total vertical 
movement of V .019 in. and H .021 in. indicates the 
bearing length. 

In positioning the bearing at the heel or toe the 
hearing should just fade out at those positions and 
not overlap the edge. The same applies to positioning 
the profile position. The bearing should just reach 
the top of the pinion and the root of the pinion at 
the same time; heavier contact at the root or top of 
the pinion indicates that the horizontal is out of 
position. 

It is not necessary to make a 100% V and H 
check, but it should be made after each working 
break, after any slight change in set up and after each 
cutter change. There should also be a spot check 
during production for V and H, also finish and 
backlash. 

Special equipment for checking tooth spacing and 
gear concentricity is shown in Fig. 11. This is mainly 
inspection equipment for precise checking of the 
gears. Similar equipment is used for pinions. 

Where further production batches are needed, 
master gears should be established. These can be 
extra gears taken from the first batch, providing the 
quality of the production batch is good enough, 
otherwise special blanks should be made, but they 
must be cut under the same conditions as the pro- 
duction batch with regard to tooth particulars. 

From there on, future gears are mated with master 
pinions and future pinions with master gears. 





Fig. 10. Tram and ring gauge for positioning the heads of the 
No. 17 Hypoid Tester. 





Fig. 11. Equipment for checking tooth spacing and gear 
concentricity. 


Sufficient master pairs should be made to 
provide :- 


1. grand master to check inspection masters; 

2. inspection control gears to check finished pro- 
duction gears; 

3. green production gears for checking at cutting 
stage. 


Care should be taken in checking with soft masters 
for wear can soon take place. Greater life can be 
obtained by using Nitralloy “N” nitrided to a case 
depth of .005 in. - .010 in., or surface hardening steel 
with flame-hardened teeth. 


gear hardening 

Where gears are hardened, the following points 
are worth noting, though it is not intended to delve 
too far into this process. 

Whatever the production batch receives in the way 
of treatment, the other batches must have the same, 
if similarity is expected between batches. This applies 
to the following :- 

Case depth must be maintained constant for each 
batch. 

It is generally recommended that quenching oil 
temperature should be maintained constant at a 
figure of, say, 50°C - 55°C. 

Where it is necessary to hold the part in dies while 
being quenched, particular attention should be paid 
to the flow of oil over the surfaces of the gear, to 
prevent uneven cooling of different surfaces. 

On modern gear quenching machines, variable 
pressure on the dies, together with a combination of 
preset quantities of quenching oil flow at preset 
times, enables better control of quenching gears to 
help prevent distortion. 

Gears packed back to back in carburising are liable 
to show uneven distortion, due to uneven patches 
of carbon on the back faces caused by uneven 
packing. ; 

Where bores or hubs are ground after hardening, 
it is preferable to locate the gears on a pitch line 
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chuck. This chuck has a number of pins set central 
in their mounting for locating the gear teeth gaps 
about the pitch line. Otherwise gears should be set 
true to proof surfaces machined on the blank in the 
soft state. 

Pinion shanks should be straightened, so that proof 
surfaces run true within .005in. before hard 
grinding. 

The decision as to whether the gears are left as 
hardened, lapped in pairs, or ground on the teeth, 
depends on how they are going to be used. 

Where gears are ground, they should still be con- 
trolled regarding distortion after hardening, to 
prevent uneven case removal. Gears to be lapped are 
generally paired together for removal of any slight 
burrs put on during the handling of the gears, also 
for bearing pattern. 

Once the gears are lapped in pairs they are kept 
together and etched with the same number. Mitres 
should have teeth marked at the positions where they 
were lapped. The lapping process should be purely 
a smoothing operation, as excessive lapping can 
destroy the tooth profile. 

Although it is not possible to quote here a case 
where all the points mentioned were at fault, here is 
an example which covers some of them. 


quality check following rejections of gears for 
noisy performance 


The gears in present production were being 
excessively lapped, showing a ridge at the toe and 
along the root line of the pinion, the reason being 
that this was necessary to lap whole length of tooth. 

Cutter flats were visible on the pinion flank. 

No V and H figures were recorded for soft or 
hard gears. 

Mounting distance for pinion varied from .005 in. 
to .015 in. over a batch. 

Uneven bearing length on gear teeth and pinion 
teeth indicated bad spacing or some other cause. 

Checking pinion at the soft state showed that the 
bearing had been concentrated so hard at the toe that 





in effect the true bearing was only half on the tooth. 
Actually it needed a V and H of 25/25 to position the 
bearing at the toe. Heavy concentration of the 
bearing at the root of the flank was also evident, and 
this would account for ridging at toe and flank after 
lapping. Cutters were not being trued on the 
machine. 

A V and H figure for a trial batch was recorded, as 
a basis to work from for further trials to check heat 
treatment distortion for teeth after hardening. 

The first batch of trial pinions was not successful 
due to variations in mounting distance which varied 
from .005 in. to .015 in. This was traced to an accum- 
ulation of limits allowed for in the machining process. 
Although pinions were cut at the same setting the 
cutting location was turned away for carbon re- 
moval; also some metal was removed from the face 
of the pinion, so with the accumulation of limits the 
original cutting location was lost. 

It was arranged for the front location to be un- 
touched, so providing a datum face for the carbon 
removed to be checked from. 

Uneven bearing contact on the gear was traced 
to index gears having interference, due to incorrect 
assembly on cutting machine. 

Pinions were being wire brushed (machine-driven 
rotary type) on two occasions, once in the soft state 
after cutting and again after carburising but before 
quenching. This wire brushing could, if heavily used, 
destroy the tooth profile in parts. 

The testing machine at first was left fixed on 
centres with no arrangements for checking the bearing 
at different points on the teeth. A further testing 
machine was brought into operation, to check bear- 
ing shape and quietness at points along the teeth. 

The improvements obtained were :- 


1. V and H record for further production; 

. better finish from truing cutters on machine; 

. consistent results from fixed datum face; 

. less time for lapping, no ridges due to over 
lapping; 

. fewer rejects. 
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RELIABILITY AND MAINTENANCE OF DIGITAL COMPUTER SYSTEMS : 
MANAGERIAL AND ENGINEERING ASPECTS 


Discussion meetings on the above have been arranged by The British Computer 
Society and The Institution of Electrical Engineers, under the aegis of The British 
Conference on Automation and Computation (of which The Institution of 
Production Engineers is a member) and will take place at The Institution of 
Electrical Engineers, Savoy Place, London, W.C.2, on Wednesday and Thursday, 


20th and 21st January, 1960. 


_ Full particulars of the programme and registration forms may be obtained 
from the Secretary of The Institution of Electrical Engineers, and must be completed 


and returned by not later than Ist January, 1960. 






















































_ present day concept of food quality has so 
many facets, and there is such a variety of foods, 
that an attempt to illustrate all the methods of con- 
trolling quality would be quite impossible within the 
compass of one lecture. I propose, therefore, to intro- 
duce the subject by indicating very broadly the steps 
by which Quality Control of food has developed over 
the years, and then to particularise on methods of 
such control as applied to a few typical products. 

The control of the quality of food may be con- 
sidered from two aspects, namely :- 


1. Control by legislation to prevent food adultera- 
tion and other undesirable practices, thereby 
guarding the health of the public. 

2. Control by the food processor to ensure that 
his products conform to the requirements of 1, 
and also to reach and maintain a standard of 
quality which will satisfactorily compete with 
those of competitors. 


It is appropriate, and not without interest, to 
review quite briefly the history of the introduction of 
legislative control in the food industry, before con- 
sidering the wider aspects of Quality Control with 
which the food processor is concerned. 


CASE STUDIES 





QUALITY CONTROL IN 


THE FOOD INDUSTRY 


by J. H. Bushill, D.Sc., F.R.I.C. 


control by legislation 

This has in the main three objectives, namely : to 
prevent adulteration of food; to improve its micro- 
biological condition; and, more recently, to keep 
within bounds the use of substances incorporated for 
the purpose of improving the palatability or appear- 
ance of food (Food Additives). 

For the most part, such legislation was introduced 
long before science had provided methods of detect- 
ing adulteration and before the very existence of 
micro-organisms was known. 

The more important milestones in the development 
of Quality Control of food by legislation and their 
relation to a few important dates in the advancement 
of science are illustrated in Fig. 1, under the following 
three headings :- 


(a) adulteration 

As perhaps might be expected, this Table shows 
that the first item of food which was the subject of 
legislation was bread (in the reign of King John). 
The original intention of the Act was to regulate its 
price, but later clauses regarding adulteration were 
inserted. 
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Legislation concerned with spices, ale, tea and 
coffee followed at long intervals of time, but for the 
most part the various enactments were to check false 
trading and loss of revenue rather than to remove 
health hazards. These acts were of doubtful value, 
owing to the lack of means of detecting the adultera- 
tion which they forbade. 

In the 18th century, it was common practice to 
incorporate alum in bread and the use of other 
adulterants such as chalk and bones was suspected. 
The bakers hotly refuted these charges. Jackson, in 
1758, while not denying the use of alum, maintained 
that the use of other suspected substances was un- 
likely, as they would not in fact improve the texture 
or colour of bread. He did, however, expose other 
types of sophistication of food such as sulphuric acid 
mixed with vinegar, and the addition of copper 
salts to improve the colour of green vegetables. 

In 1820 (Accum) appeared the first published book 
on food adulteration, in which the allegations of the 
type and extent of adulteration were supported by 
chemical analysis. By then food sophistication had 
become so widespread that the suggested suppression 
of the practice met with active opposition. During 
1850, the Lancet appointed an “Analytical and 
Sanitary Commission” to report on the quality of 
“solids and fluids consumed by all classes of the 
public ”. This was instrumental in the first Food and 
Drugs Act of 1860 being passed. It was subsequently 
revised and was followed by the 1875 Act, which 
remained in force for some 60 years. 

Food adulteration by the merchants reached its 
peak during the first half of the 19th century and, 
following the above-mentioned legislation, slowly 
declined. 


(b) micro-organisms 

Until it was suspected that the general condition 
of food might be affected by living cells too small to 
be seen by the unaided eye, each person had to 








assess the quality of his food by its appearance, 
smell and taste; a bad judgment often resulted in 
illness and maybe death. When epidemics and 
plagues became associated in men’s minds with the 
consumption of evil-smelling food (in particular meat 
and fish) the consumption of such food by one person 
could result in many being stricken with illness — or 
so it could be argued. Clearly in such a case the 
populace needed some form of protection and so 
developed the practice, in Medizval and Tudor times, 
of introducing deterrents to those engaged in the 
selling of such food. During that period it was the 
custom for anyone so convicted to be placed in the 
stocks and for the offending food to be burnt beneath 
him. 

No real advance in knowledge of the causes of food 
deterioration developed until Pasteur, in 1857, dis- 
closed to an incredulous world his conclusions from 
his work on fermentation and propounded his 
“germ” theory in 1878. 

That was followed in 1888 by the work of Gaertner 
who, for the first time, traced the cause of a food 
poisoning outbreak to a Bacillus, which cause, hither- 
to, had been suspected but not proved. 

The researches of Pasteur and Gaertner pointed 
to living organisms as a major cause of food 
deterioration and therefore, to minimise that 
deterioration, it was natural that any means by which 
the “growth” of the so-called “germs” could be 
controlled should be applied. The use of chemical 
preservatives was initiated. 

Although it had been customary to use salt, nitre 
and vinegar to preserve or pickle foodstuffs since 
earliest times, the reason for their effects had not 
hitherto been appreciated. With that knowledge 
various chemicals including formalin, borate, salicy- 
late, sulphite, etc., came into increasing use. 

In 1899 a committee of the Local Government 
Board was formed to enquire into the use of preser- 
vatives (and incidentally also colouring matters) in 


DEVELOPMENT OF CONTROL 


1 BA | FOOD AND DRL 


ANISM FOOD ADDITIVES 


Perkwus Syntheuc Dyes 


Colours widely used 








(Ist Public Analysts appomnte 
87 P * FOOD AND DR 
RaQ - 
688 Precstunisee Gos <4 a 
os PUBLIC HEALTH (REGULATIONS AS TO FOOD) ACT 
ane MILK (SPECIAL DESIGNATIONS) ORDEP 
192 ADOPT F PASTEURISA 
192 4PRESERVATIVE REGULATIONS <@ : +-——-PP SPECIFIED SYNTHETIC COLOURS 
1 PROHIBITED 
38 t.. FOOD AND DRUGS A ae 
1939/45 . reek 6 _— i 
39/45 | < a = ee f A — . —s > 
Ae Food Standards Committee formed 
o-” (Ministry of Food) 
1951 _ agive Sub mittec —_——__> 
shes ¢ _ —}—. FOOD!AN ike ic cesastbiahilaets bal, > 
1955 HYGIENE REGULAT ; = 
| .. 
~~ | par -Pcovourme MATTER IN FOOD 
} REGULATIONS 
| ; 


Fig. 1. Table on Control by Legislation. 
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foods. As a result of their enquiries a report was 
produced in 1901 but legislative action was not 
taken until 1925, when Preservative Regulations were 
made. 


(c) food additives 

The most recent legislative controls are concerned 
with what we now term Food Additives. 

It has long been the practice of cooks and chefs to 
make additions of small quantities of colouring, 
flavouring and other materials to dishes to make them 
more attractive, but with the growth of chemical 
knowledge the range of materials so used has con- 
siderably increased. Many of these materials have 
been prepared by chemical synthesis or have been 
derived from naturally occurring substances. Indeed, 
in composition many are identical with or closely 
related to animal or vegetable products. The use 
of such food additives, which has been one factor in 
the development of food technology, clearly needs to 
be kept within safe limits. 

Amongst the earliest of these additives were syn- 
thetic colouring materials, which came into use very 
soon after the first organic colouring matter 
(mauveine) was synthesised by Perkin in 1856. 

Although some attention was given to the desir- 
ability of controlling the use of colours in foods by 
the Preservative Committee in its report in 1901, no 
specified colouring materials were prohibited for such 
use until 1925. The Ministry of Food Standards Com- 
mittee formed in 1947 appointed a Sub-Committee 
in 1951 to study the whole question of Food Addi- 
tives. Its report on colouring materials formed the 
basis of a Statutory Instrument now in force. Other 
reports on antioxidants, and emulsifying and stabilis- 
ing agents, have already been issued and one on 
preservatives, etc., is anticipated. 

It is interesting to note in Fig. 1 the chronological 
relationship between food legislation and the growth 
of scientific knowledge. Legislation to prevent food 
adulteration was introduced rather before science 
was equipped to detect such adulteration. Micro- 
biological control of food followed very soon after the 
existence of micro-organisms was established, but 
control of food additives, those products of a rapidly 
advancing technology, followed some considerable 
time after their use became general. Possibly the lag 
period may be attributed to the greater responsibility 
of the present day food processor. And that brings 
me to a somewhat different type of legislative control, 
namely :- 


Food Standards 

By which is meant the specification of the quantity 
and type of constituents which should, rather than 
those which should not, be present in particular foods. 

Unlike food Quality Control by legislation, Food 
Standards are not primarily intended to protect the 
public from consuming anything harmful to health 
but rather to assure the purchaser of a product, of 
which a standard has been fixed, that the product con- 
forms to a specified minimum composition. Examples 
of food products which are so specified include cream, 


fish paste, meat paste, salad cream, mayonnaise, mar- 
garine, and ice cream. Food Standards are important 
in that they ensure that the public gets value for 
money, but one should bear in mind that when a 
standard is set it is usually one with which most 
manufacturers can comply and therefore it is not a 
particularly high one. As a consequence, the tendency 
is for manufacturers to keep their products down to 
the standard rather than to improve upon it. 

One further note of warning should be sounded, 
concerning the over-enthusiastic advocates of Food 
Standards who make a fetish of standardisation by 
legislation. They are usually not satisfied with 
standards for a selected few important food products, 
but must aim at standardisation of food on a grand 
scale. Such a procedure tends to discourage initiative 
in the development of food technology. 


rationalisation of international food legislation 

In order to complete the picture I have attempted 
to draw of the development of food Quality Control 
by legislation, I must mention that it has inter- 
national complications. Similar or comparable 
legislation on food quality has, of course, been 
developed in other countries but the colouring 
materials, preservatives and other additives allowed in 
food are not necessarily the same in all countries. 

In the absence of authoritative scientific data on 
the effects on human beings of traces of these sub- 
stances in diet, these differences in legislative require- 
ment are understandable. 

Such differences lead to curious anomalies. For 
example, from such differences it may be inferred 
that certain preservatives are harmful to the British 
but not to the Swiss, and that some additives are 
harmless in Britain but cannot be tolerated by people 
residing in Germany. 

Rationalisation of food legislation, preferably based 
on scientific knowledge, is clearly necessary. 

Many countries are alive to the importance of this 
matter and, through the medium of the World Health 
Organisation (W.H.O.) with the collaboration of the 
Food and Agriculture Organisation (I.A.O.), are 
collecting available information and _ organising 
research to establish which of the so-called additives 
(and in what quantities) are not harmful to health 
when incorporated in food. The incorporation of 
such information into internationally agreed food 
standards will need to be accompanied by inter- 
nationally agreed methods of detecting and determin- 
ing such food additives. To that end the Internationa! 
Union of Pure and Applied Chemistry (1.U.P.A.C.) 
is in the process of setting up a special commission. 

It is to be hoped that through the joint efforts of 
W.H.O., F.A.O. and 1.U.P.A.C. uniformity in world 
legislation in regard to Food Additives may be 
achieved. This incidentally would remove a serious 
hindrance to international trade in the food industry. 


control by the food processor 

Food products may comply with the regulations 
concerned with sophistication and preservatives, they 
may be prepared under ideal hygienic conditions and 
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be perfectly sound bacteriologically, but they may be 
quite inedible. Furthermore, they may even contain 
all the nutritive ingredients appropriate to each 
particular food product but, if they are unpleasing 
to the eye or to the palate, they will not be eaten. 
Clearly, therefore, the term “food quality”, from 
the point of view of the public, and therefore of the 
food processor, embraces far more than can or should 
be covered by legislation. 

Not only must food products have acceptable 
flavour, texture and appearance, but in addition thos 
qualities must not vary, not only from batch to 
batch, and from day to day, week to week, but also 
from the time of manufacture to the time of con- 
sumption. To achieve such constancy requires a very 
high degree of control throughout the complete life 
history of a product. It commences with the choice of 
the raw materials and must continue throughout the 
processing treatment, the packaging, storage, and the 
transport to the point of sale. It may even take the 
form of advice to the customer, who may hold the 
goods for a period before the product is consumed. 

The tests applied to the raw materials, apart from 
showing that the materials satisfy the necessary 
degree of purity, must be so designed that they 
provide information as to the properties required in 
the final product. Furthermore, as food ingredients 
are mostly of natural origin they are subject to 
natural variation, and therefore the tests applied 
must indicate what modifications in the processing 
are necessary to minimise the effects of those 
variations. 

In considering the processing treatment of food 
materials, may I remind you that the various 
techniques are going through a phase of active 
development towards continuous and automatic pro- 
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Fig. 2. Diagram of ice cream process. 


cessing, with a view to both standardisation and 
increased rate of production. Different products have 
reached different stages in this development, which 
may be considered in three phases. The first is 
essentially the home cooking method on a somewhat 
larger scale with mechanical aids, e.g., power whisks 
and beaters, mechanical mixers, large ovens, but 
involving much hand labour. 

In the second stage, partial mechanisation is intro- 
duced with a further increase in rate of production. 
Machines replace hand operations at many points in 
the processes and, in the case of a baked article, con- 
tinuous baking is adopted but the whole operation 
remains a batch process. 

The third stage is represented by a completely 
mechanised continuous plant with continuous 
metered flow of ingredients to continuously mixing 
and processing machines, followed by mechanical 
portioning and packaging. 

In the case of large producers, the third stage has 
been reached, for example, in ice cream manu- 
facture. The bakery industry is in general at stage 
two but is actively proceeding towards the attainment 
of continuous, totally mechanised processes repre- 
sented by stage three. 

With the increase in mechanisation, controlled of 
course through the agency of instruments recording 
temperatures, humidities, pressures, rates, etc., there 
is less opportunity for the art of the chef or the skill 
of the baker to rectify variations in products during 
the processing. As a consequence the initial testing 
and choice of the raw materials, coupled with their 
standardisation, assumes even greater importance. 

In selecting processes to illustrate methods of 
Quality Control, I have chosen those which have been 
developed to the stage of large scale continuous 
operations, as they require the greatest degree of 
control. Furthermore, with the object of covering as 
wide a range of techniques as possible, I have chosen 
the manufacture of ice cream and of a few bakery 
products. The methods illustrated include the hand- 
ling of liquids and solids, homogenisation, pasteur- 
isation, freezing, portioning and wrapping. 


ice cream manufacture 

Apart from the intrinsic quality of the ingredients 
and their concentration, the quality of ice cream is 
determined by its bacteriological condition and tex- 
ture, which are largely dependent upon the design 
and operational control of the plant used. 

After outlining the process as a modern continuous 
operation I propose to consider in some detail three 
aspects of quality control: 1. the examination of 
ingredients; 2. a method of studying formulation; 
and 3. some indication of the type of problem one 
meets in designing a continuous refrigeration tunnel 
to give a product of the required texture. 


general principles of manufacture 

Ice cream normally consists of a vegetable oil or 
butter fat dispersed in evaporated, separated milk (or 
in a solution of dried separated milk) containing 
sugar, together with a little glyceryl monostearate, 
























































a small percentage of stabiliser and some edible 
colouring and flavouring materials. The flavouring 
is mostly of the vanilla type, although a considerabie 
proportion of the ice cream manufactured contains 
strawberries or strawberry flavour. 

The manufacturing process entails the dispersion of 
the sugar, stabiliser and evaporated milk (or milk 
powder) in water followed by the fat (containing 
the glyceryl monostearate), after which the mixture 
(generally called the “ mix”) is pasteurised, homo- 
genised and cooled. The ice cream mix then passes 
to a freezer where air is incorporated at the same 
time that the mixture is frozen. The somewhat soft 
ice cream so produced is then either portioned into 
a variety of containers and then further frozen in 
a cold store, or it may be formed into large bars 
and passed through a refrigerated tunnel, where the 
lower temperature hardens it sufficiently for it to 
be cut into various portions and then wrapped. 

This process which for many years has been 
essentially of the batch type has now been developed 
into an almost continuous one, shown diagrammati- 
cally in Fig. 2. This continuous process has been made 
possible by :- 


(a) the development of an automatic device for 
the continuous measuring of the ingredients 
(all prepared and previously standardised in 
the liquid form); 

(b) the use of high-temperature short-time 
(H.T.S.T.) pasteurisation, whereby the mix is 
continuously pasteurised at 175°F for 15 
seconds instead of the batch treatment of 
160°F for 10 minutes or 150°F for 30 minutes; 

(c) the availability of enclosed heat exchangers 
instead of the original type of surface cooler 
for cooling the mix; 

(d) the extrusion, by continuous freezers, of the 
ice cream as a ribbon or rod which passes along 
a refrigerated tunnel from which the fully 
frozen ice cream emerges and is automatically 
cut into portions and wrapped. 


The extrusion of ice cream as ribbons is illustrated 
in Fig. 3. Ice cream from a continuous freezer 
passes along the sanitary pipe at the top of the 
picture down into each of two conical extruding 
multiple nozzles, from which emerge horizontally a 
number of ice cream ribbons which pass into a 
freezing tunnel. From the far end of the tunnel (not 
shown) they appear as hardened ice cream ribbons 
which are automatically cut into portions and then 
conveyed to a wrapping machine. 

Quality Control of ice cream made with such a 
plant requires, apart from the examination of the 
purity of ingredients used, standardisation of the 
sugar syrup, the milk solution, the fat mixture and 
the solution of the minor ingredients. The efficiency 
of the automatic measuring device requires checking 
at intervals by chemical analysis of the continuously 
prepared mix, which also needs microscopical examin- 
ation to ensure that the fat globules have been 
effectively homogenised — otherwise fat would 
separate by the centrifugal action of the freezers. 


Fig. 3. Extrusion of ice cream as ribbons. 


Throughout the whole of the process, very careful 
temperature control is of vital importance to ensure 
that the heat treatment conforms to the legal require- 
ments. The temperature of the ice cream emerging 
from the freezers, and of course the degree of 
aeration (checked by density measurement) both 
largely determine the consistency of the product. 

This consistency must be such that the ice cream 
ribbon or rod keeps its shape while passing into the 
freezing tunnel where the ice cream is rapidly 
hardened; its resulting consistency allows it to be 
cleanly cut into portions by the automatic cutting 
device. The cut portions must remain sufficiently 
hard either to be automatically wrapped, or to be 
enrobed with chocolate couverture before wrapping. 

Every stage in the manufacture has needed exten- 
sive study at one time or another to ensure that 
effective Quality Control is maintained. 


ingredients 

In examining the ingredients to be used special 
attention is, of course, paid to those properties most 
likely to affect the final product. Although the usual 
chemical means of checking the general quality of 
the fat are used, the particular property determined 
is its “induction period ”. This “ induction period ” 
is in effect the time, under specified conditions, that 
the fat will resist the rapid oxidation which precedes 
the development of rancid flavours; the greater the 
‘induction period,” the less likely is the fat to 
develop undesirable flavours during storage or when 
present as an ingredient of ice cream. 

The more important of the tests applied to sugar 
for ice cream manufacture is perhaps the determina- 
tion of its sucrose rather than its total sugar content. 
This is because ice cream, being one of the products 
honoured by having a Food Standard, must contain 
a specified minimum percentage of sucrose.* 





* Since this lecture was delivered the regulations have been 
changed; a minimum sucrose content is not now specified. 
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Evaporated milk (or milk powder) is the remaining 
major ingredient. Its acidity and total bacterial count 
are normally determined as an indication of the 
quality of the original milk from which it was pre- 
pared. When milk powder is used, its solubili’ , also is 
checked. 

t is important to keep the various methods of 
testing the raw materials continuously under review, 
in order that the methods may be modified should a 
change in the raw materials require it. As an example 
of this may be mentioned an unexpected abnormality 
in deliveries of milk powder received during the War 
from overseas. 

In isolated batches of ice cream mix a curious 
indefinable flavour was noted which was tracked 
down to the milk powder solution. The milk powder, 
on closer examination, was subjected to what is 
termed a “Breed Count” which determines the 
total number of bacteria, both dead and alive, in a 
known volume of a solution of the powder. 

In this particular instance the “ Breed Count ” was 
found to be abnormally high indicating that the 
milk, before pasteurising and drying, had a high 
bacterial count and presumably was in the early 
stages of souring. The milk powder was not excessive- 
ly acid, but the alkalinity of its ash was somewhat 
high, suggesting that alkali had been added. These 
batches of milk powder were later traced to a 
supplier who collected milk from farms which had 
no adequate cooling facilities for the milk and, as a 
consequence, by the time the milk had been collected 











at the central factory for condensing and drying, 
it was commencing to sour. As a consequence of this 
experience the “ Breed Count” was introduced as a 
routine test of all milk powder received. 


formulation of the mix: whipping test 

The correct balancing of the ingredients of ice 
cream mix is dependent not only on their flavour, 
but also on the ability of the mixture to be aerated 
sufficiently to produce an ice cream of the desired 
texture. The physical properties concerned are diffi- 
cult to measure in absolute terms and therefore one 
has to devise some empirical means of assessing them. 

This has been done by an adaptation of a small 
batch freezer, consisting essentially of an externally 
refrigerated cylinder in which paddles are rotated at 
approximately constant speed by an electric motor, 
the wattage consumption of which can be recorded. 
This wattage gives a measure of the resistance offered 
to the rotation of the paddles and therefore a 
measure of the change in consistency of a mixture 
in the freezer. 

Liquid mix is placed in the freezer, thereby rather 
less than half filling it, the paddles are set in motion 
and the refrigeration turned on. The temperature 
of the agitated mix falls, thereby causing changes in 
its composition and physical condition as illustrated 
in Fig. 4. The ice cream mix is there shown as con- 
sisting initially of 37.5% solids (sugar, fat, milk, 
solids, etc.,) and 62.594 water. On lowering the tem- 
perature, conversion of water to ice commences at 
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28°F and proceeds rapidly with further reduction in 
temperature (Curve A.B.C.). Concurrently the con- 
centration of the milk solids in the remaining water 
increases (Curve D.E.F.) thereby causing the aqueous 
phase to become more dense and the mixture still 
more viscous. While these changes are occurring the 
beating action of the freezer, aided by the increasing 
consistency of the mixture, causes air to be incor- 
porated. The percentage aeration is measured at 
intervals by removing small samples for density 
determination and the change in “consistency” 
(wattage consumption) is continuously recorded. 

The aeration (measured as percentage overrun in 
the ice cream trade) and the “ consistency” are not 
directly related; indeed, while the latter continues to 
increase as freezing progresses, the former may do 
so only until a maximum is reached, and should 
the beating and freezing be further continued con- 
siderable loss of incorporated air may result. In our 
investigations we judge the whipping or aerating 
property of a mix by the percentage overrun obtained 
at certain “ consistencies ” determined in the manner 
indicated. 

In practice it has been found more convenient in 
carrying out the whipping test to reverse the pre- 
viously described process, namely, first to whip and 
freeze the mix and then to switch off the refrigera- 
tion and to follow the change in aeration and in 
“consistency” as the temperature of the mixture 
slowly rises. This gives similar results but as the 
change in temperature is more gradual, the test can 
be carried out more accurately. 

Another variation in the test is obtained by 
repeating the process of freezing and thawing two 
or three times, using the same sample of mix. By so 
doing one can learn something of the stability of 
the mix, a property which is reflected in the stability 
of the resulting ice cream under conditions of 
fluctuating temperature during transport and during 
storage. 

Typical examples of whipping tests demonstrating 
the difference between a mix of good stability (Mix 
A) and one of poor stability (Mix B) are shown in 
lig. 5. 

The above-mentioned whipping test is perhaps 
more directly applicable to freezing by a batch freezer 
than by a continuous freezer, by virtue of the 
difference in the action of the two freezers. In the 
latter the mix and air, in predetermined proportions, 
is passed through a narrow refrigerated cylinder, 
where, by mechanical action, the air is dispersed as 
fine bubbles in the mix. With such a freezer percent- 
age overrun is largely independent of the whipping 
property of the mix. The whipping property of the 
mix is still important, however, as the aerating pro- 
perty of the mix is believed to be a factor both in 
retaining the air in the frozen ice cream and in 
determining its texture. 


texture of ice cream as a factor in quality 
Although the ingredients and the proportion of 

air incorporated contribute to the texture of ice 

cream, another very important factor is the size of 
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Fig. 5. Whipping test—mixes of different whipping property. 


the ice crystals present; the smaller the ice crystals, 
the finer the texture. Small ice crystals are formed 
by rapid freezing and it is for that reason that the 
present-day continuous freezers yield smoother ice 
cream. The whole of the freezing, however, does not 
take place in the freezer; further freezing is effected 
in a cold store or in a freezing tunnel, the latter 
having the advantage over the former of increased 
rate of freezing and, as has been indicated earlier, of 
being adaptable to continuous operation. 

The development and conirol of a freezing tunnel, 
which will produce a continuous ribbon or separate 
rods of ice cream, frozen to the stage that the ice 
cream can be cleanly cut at the moment it reaches 
the automatic cutter, and will still be sufficiently firm 
to be conveyed to and be wrapped by an automatic 
wrapping unit, requires very careful study. If the 
temperature of the ice cream on leaving the tunnel 
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is too low, there is a danger of the cutting knives 
being broken and if it is too high, the ice cream will 
be too soft to wrap. 
| et This effect of temperature on ice cream is clear! 
illustrated by Fig. 4 which shows that on leaving 
the freezer at, say, 21°F, approximately 60% of the 
water has been converted to ice. Further lowering of 
the temperature markedly increases the proportion of 
ice until at -20°F, when the ice cream is brick hard, 
virtually all the water is present as ice. By controlling 
a oe the temperature one can, therefore, control consis- 
tency of ice cream. 

For the ice cream to be cleanly cut its consistency 
must be uniform; there must not be an outer shell 
of hard ice cream with a soft centre. Such uniform 
consistency can only be obtained by ensuring uniform 
temperature in the ice cream. This is not a simple 
matter with a product of low heat conductivity in 
a freezing tunnel with a high rate of heat removal. 

An early experiment undertaken to provide data 
on which to base the design of a freezing tunnel will 
illustrate the type of problem set by the above 
requirements. 

Long rods of ice cream of rectangular cross-section, 
Fig. 6. Air blast hardening of ice cream rods. extruded from the freezer at + 21°F, were to be 

rapidly hardened in a low temperature air blast and 

were to be of uniform temperature throughout. The 

direction and rate of improvement of the rods in the 

tunnel needed to be studied. One proposed movement 

sila: of the rods through the hardening tunnel is shown 
> ~ OF AIR STREAM - in Fig. 6, in which the rods are shown in cross- 
Uy Y i 4 } GF section. As the bulk of the air would pass down the 
Y, Mi) channels between the ice cream rods, the left hand 

part of each rod would be fully exposed and the 
right hand part shielded by the rod in front of it. In 
ae. one of the tests made on this method of conveyance, 
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moving against the air stream. Fig. 7 shows the loca- 
tion of the thermo-couples and the developing 
temperature gradient from side to side of the rod. 
In this particular test triple-flavoured ice cream was 
used, consisting of vanilla, strawberry and pistachio, 
indicated as V, S and P respectively. As the sugar 
content of strawberry ice cream—the middle strip— 
differs from that of vanilla and pistachio, its tempera- 
ture at the extrusion stage is made lower by 2°F to 
obtain uniform consistency for perfect extrusion. The 
dissymmetry of the temperature gradient that 
developed in the rods during hardening, shown after 
periods of time 1 - 25 minutes, was due entirely to 
the shielding from the air blast already mentioned. 
The shaded portion shows the part shielded from the 
air blast. After 25 minutes the left side is colder than 
the right by 12°F and colder than the mid-point by 
no less than 29°F. The relatively huge temperature 
gradient of 29°F between the centre and outside of 
Fig. 7. Air blast hardening effect of shielding from blast. the ice cream rod, a distance rather less than 1 in., is 
attributable to the high rate of cooling of a poor 
thermally conducting material. This temperature 
difference demonstrated the need for a time period, 
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after leaving the air blast, to allow heat transfer 
to occur within the ice cream rods. By that means 
the ice cream acquired a uniform temperature, 
thereby allowing cutting by the automatic cutter to 
be performed in an efficient manner. 

The above data is typical of the information which 
needs to be obtained if tunnels are to be constructed 
to produce exactly the product required. 


bakery products 
sponge cake manufacture 

An example of a bakery process which has been 
developed to the stage of a continuous operation is 
the manufacture of sponge cakes. 

The general principle of the process, indicated 
diagrammatically in Fig. 8, consists of the mixing 
of the required proportions of flour, egg and sugar in 
a closed vessel under an air pressure of 15 Ib. p.s.i., a 
subsequent addition of a further small proportion of 
flour mixed with the required amount of baking 
powder, and then the ejection of the mixture into a 
depositor. 

The advantage of aeration under pressure is one 
of speed, for on releasing the pressure the air bubbles 
already dispersed in the mixture expand, thereby 
producing a degree of aeration equivalent to that 
normally achieved after a much longer period of 
mixing. 

From the “ depositor ” the mixture is automatically 
measured into depressions in metal trays passing 
beneath on a continuous chain mechanism. The 
trays are previously coated with a film of suitable 
greasing mixture by means of a spraying device. 

The sponge mixture in the trays is then lightly 
dusted with sugar and passes through a continuous 
oven at a controlled temperature and, of course, is 
baked for a definite time period. The baked sponge 
cakes, still in their trays, then pass through a cooling 
chamber. Tilting the trays at an angle facilitates the 
removal of the cakes, which are then wrapped and 
automatically packed. The trays continue on their 
travels, during which they are washed with high 
pressure jets of hot water and then dried in an oven 
before reaching the greasing station already 
mentioned. 

For such a plant, producing 25,000 sponge cakes per 
hour, to work continuously without costly stoppages, it 
was necessary for detailed study to be made of each 
operation. The choice of a suitable lubricant for the 
endless chains being successively heated, cooled and 
sprayed with hot water was a relatively simple matter, 
but the prevention of the sticking of the cakes to 
the trays was far from simple. It was not only neces- 
sary that the cakes should be easily removable from 
the trays, but also that no trace of the sponge should 
remain behind, otherwise the cleaning of the trays 
for the next cycle would become increasingly difficult. 
The greasing mixture must not only form a contin- 
uous film over the metal, but it must be of such a 
consistency that on entering the oven it does not run 
and form a puddle in the depressions in the trays. 
The consistency of the fat used clearly had to be 
kept within fairly close limits, but the problem was 
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Fig. 8. Diagram of sponge cake process. 











much simplified when epoxy resin coatings for 
metals were developed and applied to these sponge 
cake trays. 


ingredients 

The control of the ingredients in the sponge mixing 
is, of course, of fundamental importance. This 
includes testing the aerating properties of the egg, 
the physical properties of the flour, the rate of 
reaction of the baking powder and the particle size 
of the sugar. All these are of interest, but I propose 
to confine myself to a very short reference to two 
instruments designed to assess the physical properties 
of flour. 

The Farinograph is a device for mixing flour and 
water to form dough under controlled conditions, and 
for measuring and recording the torque developed by 
the dough during the mixing process. A typical curve 
eines with this instrument is given in Fig. 9. This 
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Fig. 9. Farinograph curve. 
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Fig. 10. Diagram of Choc Roll process. 


illustrates the increase in consistency of the dough 
during the “development ” stage, namely during the 
period that the protein of the flour is hydrating. The 
“ stability ” of the dough is indicated by the time it 
maintains its maximum consistency during the mix- 
ing process. 

A somewhat different property of dough may be 
measured by use of an Extensograph. A dough-piece 
prepared in the Farinograph mixer is placed in 
the Extensograph which rolls and shapes it in a 
standard manner and then, after allowing a resting 
period, the dough-piece is stretched to breaking, 
while recording the “extension” and the “ force” 
required to extend it. 

From the empirical but nevertheless controlled tests 
by such instruments as the Farinograph and Extenso- 
graph, it will be appreciated that one can choose a 
flour having the appropriate physical properties for 
different products and suitable for the mechanical 
plant available for their manufacture. 

In the above remarks, particular stress has been 
laid on the physical properties of ingredients and 
therefore it is appropriate to mention that a final 
check of the resulting texture of bakery products can 
conveniently be obtained by photographing a cross- 
section of such products. From such records, taken 
at monthly intervals, of different batches of the same 
product, changes in quality which may be unnoticed 
by bakery operatives and supervisory staff may be 
detected. 


Choc Roll manufacture 


The manufacture by a continuous plant of small 
Swiss Rolls, enrobed with chocolate couverture, is 
illustrated diagrammatically in Fig. 10. The process 
bears some resemblance to the sponge cake process. 
in that similar ingredients are pressure-mixed and 
deposited. In this case, however, the mixture is 
deposited on to a previously greased steel band which 
conveys the mixture through a continuous oven, there- 
by producing a band of baked sponge which then 
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travels through a humidified cooler. The sponge after 
cooling is spread with a jam or buttercream filling, 
automatically cut (Fig. 11), rolled, enrobed with 
chocolate, cooled to allow the chocolate to set, and 
packaged. 

As in the manufacture of sponge cakes many 
controls throughout the process are necessary. These 
include the consistency of the greasing mixture on the 
steel band, the aeration of the sponge mixture, the 
cooling of the baked band of sponge which needs 
to be effected in a humidified atmosphere to prevent 
cracking when rolled and, of course, all temperatures; 
if the temperature of the chocolate used for enrobing 
rises significantly, the texture and appearance of the 
final product will suffer. 


microbiological aspects of Quality Control 


It is quite impossible to give a reasonable coverage 
of the various aspects of Quality Control in food 
preparation without devoting some attention to the 
microbiological viewpoint. In doing so, it is not 
proposed to dwell on methods of destroying micro- 
organisms by heat treatment or means of preventing 
subsequent contamination, as for example in the 
manufacture of ice cream, but rather to consider 
the control of conditions in order to minimise micro- 
biological deterioration of products. 

Amongst the factors limiting the growth of bacteria, 
yeasts and moulds is the osmotic pressure of the 
medium on which they grow. Attempts have there- 
fore been made to devise a method by which osmotic 
pressure, or other physical property related to it, may 
be determined as a measure of the likely rate of 
microbiological growth in a food product and there- 
fore of the keeping properties of that product. Such 
a method is the determination of water vapour 
pressure. When a product has come to equilibrium 
with the air surrounding it, i.e., when no further 
transference of water to or from the product occurs, 
the water vapour pressure of the product and that of 
the surrounding air are equal. The water vapour 
pressure of the surrounding air, normally termed the 
“ equilibrium humidity” of the product, is therefore 
a measure of the microbiological factor required. 

A routine method of determining the equilibrium 
humidity of foods, normally expressed as percentage 
Equilibrium Humidity (E.H.), is to place the food in 
a closed vessel until equilibrium between the food 
and the air in the vessel has been established and 
then to determine the dew point of that air. By such 
a mean it has been shown that development of yeasts 
and moulds are mostly inhibited at E.H. of 70 - 74°/, 
but for complete suppression of growth an_E.H. as 
low as 65°/, is necessary. 

Other factors which limit microbiological deteriora- 
tion in a product are temperature (both high and 
low), acidity (pH) and of course the presence of 
preservatives. When, therefore, one studies the 
keeping properties of a product, particularly from the 
microbiological viewpoint, it is necessary to take 
advantage of one or more of the above-mentioned 
inhibiting factors appropriate to the product under 
consideration. Normally one applies heat to destroy 














organisms present and maybe to remove some water 
in order to reduce the E.H. of the product. The 
acidity may be increased if flavour will allow, and the 
temperature of storage reduced if the composition of 
the product will not otherwise prevent the develop- 
ment of adventitious organisms. Preservations are 
only added in limited quantities to specified foods. 
When considering the composition of a product, 
particularly in relation to its acidity or its sugar 
content (usually the factor determining E.H.), it is 
important to remember that it is the composition of 
the aqueous (non-fatty) phase which is important, 
for it is that which largely determines the growth of 
bacteria, yeasts and moulds. 

An example in which the above general principles 
have been applied is in the manufacture of Christmas 
puddings, in which the product is cooked by steaming 
and then dried. By ensuring that the drying opera- 
tion results in a product of sufficiently low E.H., one 
can ensure that mould growth during a long period 
of storage will be prevented. 

Amongst the more intransigent products are those 
which will not permit of an initial heat treatment, 
as, for example, mayonnaise which consists essentially 
of oil and vinegar emulsified with egg yolk. One 
cannot reduce its E.H. by adding sugar for reasons 
of flavour, so consideration is given to the acetic acid 
(vinegar) content of the aqueous phase. To destroy 
pathogenic organisms a concentration of approxi- 
mately 0.5°/, acetic acid (or pH 4.5) is required in 
aqueous solution, but for complete suppression of 
yeasts, moulds and lactobacilli, a concentration of 
3.6% acetic acid may be necessary. In mayonnaise 
dressings a compromise is normally adopted by 
ensuring an acetic acid concentration in the aqueous 





Fig. 11. Spreading and cutting 
of the sponge (Choc Roll). 





phase of not less than 1-1.5%. This ensures the 
destruction of pathogens and arrests the development 
of harmless organisms, but does not necessarily cause 
their complete destruction. As a consequence the 
product has limited storage properties. 


moisture transference and packaging 

Moisture content, or more particularly percentage 
E.H., has been shown to be be an important factor 
affecting quality of some food products. Increase of 
moisture content of such products may result from 
moisture uptake from the atmosphere or from some 
other parts of the same product. In both cases, 
packaging may be a factor. 

For example, one might instance the wrapping of a 
fruit pie. During storage moisture passes from the 
filling to the pastry and if the pie is in a moisture- 
proof packing, the pastry will lose its crispness and 
mould growth will occur. Some evaporation of 
moisture from the surface must be allowed to con- 
tinue to balance the moisture diffusing from the 
centre. The fruit pie has a relatively large reserve 
of moisture in its filling, so a moderate drying out 
within the normal life of the freshness of the pie 
would not be serious. 

This transference of moisture can be prevented by 
so altering the composition of the various parts of 
a product that they have the same percentage E.H. 
Then a moisture-proof wrapping may be used. Such 
a change in the composition is only possible in a 
limited number of cases as, of course, it is liable to 
change the character of the product. An example 
of the application of this principle is the preparation 
of packages or “iron” rations used during the War 


and more recently for Arctic and other expeditions. 
































The packages were required to contain a variety of 
items which had widely differing E.H., with the 
result that during storage moisture passed from those 
with the higher to those with the lower E.H. The 
composition of certain of the products was suitably 
modified, with the result that deterioration previously 
caused by moisture uptake during storage was 
eliminated. 

One final exercise on the moisture transference 
problem in relation to packaging, concerns a small 
cake in a fluted paper container and with surface 
icing. This product was very susceptible to changes in 
atmospheric humidity. Moist air caused the icing to 
become sticky or almost fluid ; dry air caused the 
icing to become hard and dry and eventually the 
cake portion to be toughened. The use of a moisture- 
proof wrapping was quite ineffective in preventing 
this as moisture from the cake passed through the 
paper case, raised the humidity of the air inside the 
wrapper and hence made the icing sticky. 

The complete solution of this problem involved 
changes in the container, in the composition of the 
icing and of the cake. The E.H. of the icing and of 
the cake were adjusted to minimise moisture inter- 
change, but the E.H. of the cake was subject to the 
variation normally experienced in a baked product 





of that type. As a result, some moisture transfer still 
occurred but mostly from the cake through the paper 
case to the icing. By baking the cake in a laminated 
container having a moisture-impervious layer of 
aluminium foil, the moisture transfer was limited to 
the surface of cake in contact with the icing. As the 
rate of transfer there is very slow indeed, a consider- 
able freedom of choice of wrapping materials became 
possible. 


conclusion 

Although the assessment of the quality of food in 
terms of palatability is still, and presumably will 
continue to be, a personal matter, the control of that 
quality has already to a large extent become a func- 
tion of science. 

The examples of food Quality Control which have 
been described have demonstrated the application 
of relatively simple scientific principles. Modern 
developments, particularly in chemistry and physics, 
are already pointing the way to a vast field of study 
in the development of further refinements in methods 
of food Quality Control. 

The author’s thanks are due to the Directors of 
Messrs. J. Lyons and Company Limited for permis- 
sion to publish this Paper. 











INTERNATIONAL CONGRESS OF SCIENTIFIC MANAGEMENT 
AUSTRALIA, 22nd February - 4th March, 1960 


It is expected that between 1,600 and 2,000 delegates will attend the 12th International Congress of the 
International Committee of Scientific Management (CIOS), which is to take place in Australia early next year, 
and representatives from the 29 member countries of CIOS will include leaders of industry, commerce and 


Government. 


The first part of the Congress will be held in Sydney from 22nd - 26th February, 1960, and the second 
part in Melbourne from 29th February - 4th March, 1960. During the intervening weekend, parties will visit 


the Snowy Mountains hydro-electric undertaking. 


It is anticipated that a strong United Kingdom delegation will attend the Congress and arrangements are 
being made for charter flights to Australia. Further details may be obtained from Mr. B. W. Vigrass, Head of 
Regional and Overseas Department, British Institute of Management, 80 Fetter Lane, London, E.C.4. 


Members of The Institution of Production Engineers who will be attending the Congress are asked to 


advise the Secretary, who will also be present. 














HOLLOWARE firm in the Midlands had for 

many years enjoyed the reputation of producers 
of fine enamelled holloware. A number of localised 
factors accounted for this, but mainly it was because 
the Midlands, and more especially the Black 
Country, has always allowed its female population 
to furnish a large proportion of the labour force. 
Cradely Heath is a town where employment of 
women is restricted owing to the preponderance of 
heavy industry such as chain-making, anchor forg- 
ing, crane and hoist manufacture, to mention but a 
few. This firm, then, provided employment for 
women, and although classed as light engineering, 
it should be pointed out that the work involved in 
the hand-dipping of articles is, in fact, heavy. Also, 
transport was less well distributed and the opportuni- 
ties of work in Birmingham were considerably fewer 
than nowadays. It is possible that these factors alone 
were enough to a labour force willing to learn and 
able to withstand conditions not conducive to con- 
stant production. 

From the point of view of male employment, the 
work consisted mainly of supervisory duties on the 
engineering side; that is, the setting and maintain- 
ence of machinery. Engineering and_ supervision 
remain fairly constant with regard to the capabilities 
required, and thus apprentices, foremen and 
engineers were evenly distributed over the area’s 
available industries. 

Changing circumstances considerably altered these 
conditions and with the swing to a labour force 
market, the Factory Act, Trades Unions, and 
increase in transport facilities, and the rise of more 
industrial undertakings, an employer was no longer 
in a position to neglect working conditions or pay- 
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ment. Furthermore, technological advances had put 
faster production methods in an employer’s hands, 
and to remain static in this field would reduce a 
firm’s chances of survival to nil. A greater movement 
in labour forces meant that machines had to process 
faster to make up for the deficiencies inherent in 
what was now a fluctuating, semi-skilled group of 
employees. While supervision had to increase its 
watchfulness, it was impossible for a firm to engage 
supervisors to keep pace with the rise in production 
with its consequent rise in the number of defectives 
produced. The firm concerned decided that the only 
way to maintain production and lower the costs of 
supervision and rejected work was to introduce 
Quality Control. 

At the same time, Work Study was introduced to 
systemise the work done with a view to maintaining 
production with the labour force available. The 
approximate distribution of labour in the works at 
the time was :- 


Unskilled — fairly static bt By A 
Semi-skilled — fluctuating 50%, 
Skilled — with a tendency to decrease 12.5°/, 


It is interesting to note that of the unskilled, 
trainee and semi-skilled groups, an indifference to 
quality of product was marked and a certain mis- 
trust of new methods was common to all. The figures 
quoted, as well as the above observations, do not 
include the supervisory staff. 


immediate problems 

The problems were, in point of fact, multifarious, 
but so interdependent on one another that they 
could be boiled down to the following :- 
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(a) to convince the shop floor of the need for better 
quality; 

(b) to convince them that the new schemes would 

raise the standard without direct interference 

in their work; 

of a technological nature —— to define the assess- 

ment of quality; 

(d) to draw up a pilot scheme that would furnish 
data which was not in existence prior to the 
introduction of Quality Control — this pilot 
scheme must, perforce, satisfy the requirements 
of (a) and (b) and also be capable of expansion 
rapidly but surely; 


(C 


— 


(e) to introduce a set of visual and written 
standards, also not previously in existence; 
(f) to increase the co-operation between depart- 


ments; 

(g) to eradicate those faults which were due, in 
the main, to negligence and mishandling and 
which were largely uncontrollable from a 
statistical point of view. 

Of this latter item, by far the most important 
fault was dents. A dented article is an article which is 
unsightly to the customer, however beautifully 
enamelled it may be. Before control was instituted, 
the number of articles dented and passing through a 
rectifying department from which more or less accu- 
rate returns were made, was in the order of 80°/ of 
all articles produced. An unspecified number of 
accidents occurred in the transport of articles either 
between departments, in dobbins, or from badly load- 
ed conveyor tracks, resulting in continually fluctuating 
departmental returns, although not actually affecting 
end output. Clearly, productivity was affected by 
what may be summed up as the psychological atti- 
tude of the working staff, and statistical side-issues 
having little bearing on controllable quality. 
Marching side by side with what was proposed, the 
eradication of dents would be necessary in order to 
build up the prestige of a new department which was 
viewed by most as another newfangled idea that 
would die a speedy death. 


the pilot and its results 
It was observed, during the time that personally 
collected data was being assessed, that there was a 

















tendency to blame the department known as Electric 
Welding for a high proportion of the accumulated 
dents in articles proceeding from this point. 1) 
appeared that this department might _ benefit 
from a boost in morale, and since the department 
immediately following was the only reasonably 
reliable check point for defects within the organisa- 
tion, the Electric Welding department was chosen 
as the scene for the first activities. 

The production set up consisted of a number of 
welding rigs, filing points and grinding and reaming 
jigs, placed around the oval conveyor track. A dob- 
bin of work was drawn up at the side of the 
operator, who, having completed his or her opera- 
tion, placed the article on the conveyor track for 
the attention of the next operator. Also situated on 
this track was a female operator whose function was 
to remove the finished article, examine it perfunc- 
torily and load it into the dobbin. A chart was drawn 
up and clipped to a board mounted on a stand, and 
the operator was asked to load her dobbin according 
to the following instructions :- 


(i) remove articles from teack and examine in the 
normal way; 

(ii) at the same time select at random and set 
aside 25 articles until the dobbin with these 
25 articles should be loaded; 

thoroughly examine the “sample” of 25, not- 
ing on the chart the fraction defective possess- 
ing “bright dents”. A “bright dent” was 
universally agreed to be a dent that was 
obviously made after the pickling process. This 
fact was very important in the light of further 
investigations, drawing a sharp line between 
those who could be blamed and those who were 
blameless. 


(ili 


~~ 


The result of this chart was to interest first the 
examiner, and then the surrounding operators, and 
finally the whole shop. Misgivings were discussed and 
the change in attitude can be traced in the graph 
(Fig. 1). It was observed also that the height of the 
machines in relation to the edge of the track was 
such that it was possible to bash the article on the 
edge of the track when production was in full swing. 
As discreet observation of their methods was con- 


Fig. 1. 
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SNAG LIST Appendix No. 3 




































































DEPT FAULT COLOUR CODE 
Master Chart Control Chart 
f = 20 UNITS INCORRECT SIZE BROWN 2 
PER HOUR es THICKNESS YELLOW 3 
12 M/C’s SCORING & BUCKLING BLUE 
BLANK & CIRCLE 
LAMINATIONS BROWN 2 
f = 20 UNITS SPLITS YELLOW 3 
PER HOUR RIBBING BLUE 4 
18 M/C's WRINKLED FLANGES ORANGE 5 
DRAW PRESS TOOL MARKS (SCORING) PURPLE 6 
DENTS RED 9 
BURST COVERS BROWN 2 
f = 10 UNITS TOOL MARKS YELLOW 3 
PER HOUR SPLIT WELDS BLUE 4 
110 M/C’s NOSES ORANGE 5 
Fig. 2 SPOUT & HANDLE » FLANGES PURPLE 6 
oidieas COVER BAD OPERATION MAUVE 7 
DENTS RED 9 
f = 10 UNITS SPLIT BELLYING BROWN 2 
PER HOUR ROUGH PIERCING YELLOW 3 
49 M/C's BAD NECKING BLUE a 
SPIN, CROP, SHORT BEADING ORANGE 5 
BEAD SHOPS CRUSHED ,, PURPLE 6 
FRAZE, DENTS MAUVE,RED 7&9 
f = 20 UNITS 
PER HOUR SCALE & RUST ADHERING BROWN 2 
5 FURNACES SAMPLED DENTS INCOMING (CHECK) YELLOW 3 
2 PLANTS ARTICLES DENTED IN DEPT. BLUE 4 
SCALE & 
PICKLE 
f = 10 UNITS BAD WELDING BROWN 2 
PER HOUR » FILING YELLOW 3 
UP TO 18 POS. BAD OP. ON THE TWO M/C's BLUE 4 
GAS WELDING DENTS RED 9 
f = 20 UNITS BAD GRINDING, REAMING & FILING BROWN 2 
PER HOUR BAD WELDING YELLOW 3 
39 M/C’s OPERATIONAL FAULTS BLUE 4 
ELEC. WELDING BRIGHT DENTS RED 9 
10 RECTIFIERS 100%, INSPECTION 
4+ FOREMAN & RECTIFICATION OF) © ON DATA SHEET 
DENT DENTS 
RECTIFICATION 
tinued, it was found that the opera- es das MARKS —— ; 
; U ) YELL 
tors bashed them at every oppor- DRIERS WATER MARKS BLUE 3 
tunity. Clearly methods experimen- SPLASHES ORANGE 5 
: ‘ di Iged 7 EACH ARTICLE MISSED PATCHES 
this stage, so the suggestion that the THICK BISCUIT MAUVE 7 
edge of the whole track was padded DENTS RED “ 
with rubber to absorb some of the FURNACES BLOW HOLES & BLISTERS BROWN 2 
shock, was implemented. This had 2 off CRAWLING & TEARING YELLOW 3 
the immediate effect of lowering the ee pet A — ; 
it9 3 es ss 
average daily dents per sample THIN BISCUIT ORANGE 5 


and the graph line suffered a de- 
cline. Next there was introduced on 
the chart a control line which was 





altered every week and the news spread through the 
shop that a red line had been put on the chart. This 
aroused great interest, in spite of the esoteric attitude 
of the one and only examiner, who considered herself 
the high priestess of Control Charts! As the number 
of dents dropped off, the control line was dropped 
until finally the number being charted was so low 
as to be no longer controllable. 

An interesting statistical sidelight emerged when 
the random samples expressed percentage defective 
were accurate to within 2°/, on 100°/ examination in 
the Dent Rectification Department. 


FINAL SUPERFICIAL 
100", INSPECTION BY PACKING 


A great deal had been learned about psychology, if 
only a little about the Control of Quality. 


the system 
The following is really a brief outline of the charts 
devised : 


the data sheet 

An accurate return was required of the type and 
number of articles rectified in the ‘“‘ Denting Depart- 
=" ”, as opposed to the number they were issued 
with. 
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DAILY DEPARTMENTAL 
MASTER CHART SHOWING 
BY CODE COLOURS THE 
1} PERCENTAGE GOOD & BAD 
j FOR EACH FAULT PER M/C 
DRIER OR FURNACE 








DAILY PERCENTAGE OF 

DENTED ARTICLES FOR 

EACH TYPE OF ARTICLE 
IN PROCESS 


DAILY TOTAL OF DENTED 
ARTICLES AS A " AGE 


WEEKLY CUMULATIVE "AGE 
MONTHLY CUMULATIVE ° AGE 


Fig. 3. 
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the “20 units per hour” and the “10 units 
per hour ” charts 

The fraction-defective charts were designed to 
suit the needs of the two main departments of the 
works. They were used for the Prefabrication group 
of shops and the Enamelling group, and were samp- 
ling in the region of 5-6°% of the production. The 
two charts actually embodied a refinement that not 
only measured the fraction-defective, but by a series 
of numbers along the bottom horizontal axis, indi- 
cated how the whole fraction broke down. By way of 
explanation, I would point out that a great number 
of pieces during production could, and frequently 
did, at the beginning of Control, attain the 
distinction of as many as eight faults per piece! In 
order to eradicate the faults, it was necessary to spend 
a great deal of energy on collecting statistical informa- 
tion, and the provision for the recording of these 
faults was made by allotting each charting point a 
coded list of snags. This list may be examined in Fig. 


= 


master charts 

Master charts for each section in the two depart- 
ments were held in the Control Office, and the 
control charts were collected and analysed each day 
on to the masters. Fig. 3 shows the “ family tree ” of 
charts used above. 


the production method 

In order to show the set-up from the production 
point of view the production of a kettle from a 
blank to finished article is now described. Fig. 4 
shows a production flow diagram which, if studied in 
conjunction with the script, gives a typical manu- 
facturing system within the works. 

Body, spout, handle and cover are manufactured 
separately throughout Prefabrication up to the 
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Electric Welding shop and the cover, after scaling 
and pickling, is sent direct to the Enamelling Depart- 
ment, where it receives two coats of enamel, has its 
heat-resisting kob riveted on and is packed with 


the finished kettle. 


The body is blanked out in a circular shape and 
checked for dimensions and quality of steel. It is 
then drawn into a cylinder, necked under a set of 
gas jets, has the skirt cropped off, and the spout 
filter pierced in the side. It is scaled and pickled 
and sent to Electric Welding for assembly to the 
handle and spout. 

The handle is blanked, pierced — that is, the ends 
are shaped, coaxed, ’U’d and closed into a cylinder, 
filled with steel shot and bent — the end of the seam 
is locked over and welded fast, the flange is set up 
on the ends and the whole is set into the correct 
form. Similarly, the spout passes through various 
processes concerned with its shaping and is then 
sent to the Gas Welding department for the seam to 
be welded. This, like the handle, is a one-piece unit. 
The handle and spout is now passed through the 
scaling and pickling plant and forwarded to Electric 
Welding. 

After assembly, the kettle is examined thoroughly 
in the Dent Rectification shop and any necessary 
repairs carried out. 


The article is now in the Enamelling Department. 
A “dipper”, as the operator is called, whose pan of 
liquid enamel stands at the side of the drier and its 
conveyor belt, selects the kettle and dips it into the 
liquid. With a motion peculiar to this trade the 
kettle is turned swiftly by hand tongs and then 
hung by its handle on perrit points on the track. The 
quality of the article depends entirely on the operator 
at this point, as no complete visual examination is 
possible. 








PROCESS FLOW DIAGRAM 
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The track moves into the furnace and on emer- 
gence may be handled. This is known as the biscuit 
stage. All faults are now visible and after charting in 
the various codes, the unloaders remove the units 
from the track. The inspector acquaints the foreman 
of any deviation from the norm with an assign- 
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able cause which can be remedied at its source, and 
the work continues. Such deviations are cyclic and 
usually due to fatigue on the part of the dipper. 
It is emphasised that the nature of the operation 1s 
such that fatigue sets in swiftly, but following excel- 
lent research work done by Work Study under 




















































APPENDIX No Ss. 
100 
- PERCENTAGE OF GOOD ARTICLES 
PER SAMPLE OVER 33 WORKING Len 

DAY 

90 Ss ron 4 
Ss at. 
8 w 7 
80 a 
- —_ PREFABRICATION 
DEPARTMENT 





(8 SECTIONS 


7” CONTROLLED 

























































































































































100 | | | 

-_ PERCENTAGE OF DENTED 
ARTICLES TO GOOD 

so WORK 

70 AD 





REMOVE ALL E.H.SAUCEPANS 
| XV @ REMOVE Att E.H.WARE 


“WT TA 








" fii N 


30 











20 ! 












































Fig. 6. 


Quality Control conditions, it has been possible to set 
the frequency of observation in accordance with this 
known phenomena, adjusting the sample size to 
match differing production quantities. 

The unit is now loaded on to the furnace track 
and burned out. This process fixes the first coat grey 
dip and it emerges as a black shining surface. It is 
now dipped on another track in this way. First the 
inside is dipped in the “ pearl” enamel, dried out in 
the drier, and the outside dipped first coat colour. 
The whole is burned out in the furnace and the unit 
sent to the second coat dip, then dried. 

The handle and rim is now accepted by the 
“ tippers’, who put on the relief colour. Only the 
most skilled operators are allowed to do this opera- 
tion and consequently the standard is very high. 

The kettle with second coat colour and relief is 
burned out in the furnace and examined, charted 
for information, accepted or rejected and packed. 

With Quality Control in the shops previous to the 
Dent Rectification stage, it was found that the 
number of dents had dropped from nearly 80°/, cf 
the total production to 40°/, in 33 working days. The 
graph in Fig. 5 shows the rise in quality of all the 
shops over the same period. It was found possible 
to bypass the Dent Rectification shop with 
certain articles as forces were concentrated on 
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this problem. The covering of the edge of the con- 
veyor track with rubber reduced to _ negligible 
proportions the number of dents in the Electric 
Welding department. After 12 working days no 
extra-heavy saucepans required examination beyond 
the routine samples, and after 23 working days no 
extra-heavy ware at all required attention beyond 
the normal routine. Frypans were shortly taken out 
and all collected data was continually under review 
with the “ by-passing” under consideration (Fig. 6). 


The Dent Rectification department, which 
employed a large number of operators, was also 
exhaustively investigated and, in the light of the 
improvements, it was possible to rechannel half of th> 
staff. Two lights were installed in order to obviate 
the necessity of rubbing down each unit. The two 
lights were swivel-mounted inside the two darkened 
booths and two counters were mounted on the out- 
side structure. The light was fitted in such a way 
as to throw into sharp relief any dents in the article 
rotated beneath it. (See Fig. 7 for an illustration of 
the set-up.) The dents observed were ringed with 
chalk, and the article was passed to the operator for 
rectification. This had the tendency of making 
redundant helpers engaged in the old method of 
emery-clothing off the soda deposit in order to 
bring the dent into relief. However, the one or two 
helpers per operator were kept on until the 
examiners at the booths had attained sufficient speed 
to obviate the necessity for rubbing down. There was 
no question of their being left without a job, as the 
need for personnel on the dipping lines had increased 
tremendously. Work Study had reviewed the wages, 
and the incentive under piece rate conditions was a 
big factor in the re-channelisation of labour. 


use of films and cartoons 


A number of films were shown in the canteen 
outlining the broader issues of Quality Control and 
Work Study, and these, though few in number, 
greatly assisted in putting over the idea behind the 
new systems. A cartoon feature was also used to 
draw attention to these ideas, and enjoyed a modi- 
cum of success when exhibited on the notice boards. 


The main theme of subjective assessment that was 
the key to the Control of Quality within the organisa- 
tion continually presented problems. With co-opera- 
tion these problems will, in future, be largely solved. 


A word about the inspectors; these men were 
former supervisory staff, and as such, had the trust 
and respect of operators and of management alike. 
It is largely due to them and their foresight, as well 
as their experience, that Quality Control was made 
to work in an industry where no critical dimensions 
existed for statistical control in the accepted sense. 


When the Control Scheme was in full working 
order, for the first time, Inspection was engaged in 
preventing defectives, and as such realised the true 
aim of Quality Control, which is to be a tool in the 
hands of production. 









































Fig. 7. 
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DIARY DATES FOR 1959-1960 


December 10th ae The 1959 Sir Alfred Herbert Paper, at the Royal Institution, London. 


Speaker: Dr. D. F. Galloway, Director of PERA. 
Subject: “ Production Engineering Developments in Russia.” 


January 29th, 1960 ... The Annual General Meeting (see Journal Supplement). 


March 17th 


The 1959 Viscount Nuffield Paper, at the Rankine Hall, Institute of Engineers 
& Shipbuilders in Scotland, Glasgow. 

Speaker: Dr. C. Timms, M.I.Prod.E. 

Subject: “Recent Developments in Spur and Helical Gears.” 


717 











NON-DESTRUCTIVE TESTING 


A report by C. C. Bates, M.1.Prod.E. 


S members of The Institution of Production 

Engineers already know, non-destructive testing 
is one of the many facets of Quality Control and is 
readily described as a method of examining a pro- 
duct without impairing its use, its physical properties 
or its functioning. N.D.T., as it is known in brief, is 
regularly used by a variety of industries, some 
examples being the control of the quantity of beer 
in cans, the routine examination of aircraft between 
flights, and the regulation of the thickness of fast 
moving material in strip mills. 


N.D.T. is also regularly used by the medical pro- 
fession in diagnosing and controlling illness or disease. 
Similarly, production engineers are using it to 
increase production as well as to control quality. By 
the use of radiation emissions, instrumentation and 
ultrasonic waves, to mention a few applications, the 
production engineer is not only reducing his rejects 
at the output end of the line, but he is also con- 
trolling the manufacture and sorting of the basic raw 
materials, thus producing more consistent material 
for manufacture and subsequent control processes. 


a central clearing-house 


The British National Committee for Non-Destruc- 
tive Testing, which is a body representing all the 
major Institutions, acts as a central clearing house 
and co-ordinating centre for all Institutions and 
Technical Societies interested in this process, and 
was formed following the visit of a number of 
engineers to the First International Conference on 
Non-Destructive Testing in Brussels in 1954. The 
British engineers who attended this Conference 
realised, not for the first time, their diversity of 
interests and, simultaneously, the lack of co-ordina- 
tion and concerted effort in Britain as compared 
with Continental countries. After the Brussels Con- 
ference, and in the knowledge that the Second 
International Conference was to be organised in 
Chicago two years later, some members of a Society 
which was directly and intimately concerned, 
arranged for an approach to be made, with the 
Institute of Physics, to The Joint Committee on 
Materials and their Testing. This latter body agreed 





Mr. Bates represents the Institution of Production 
Engineers on The British National Committee for 
Non-destructive Testing. 


718 


to act as a post office for a period of 12 months. In 
January 1957, the necessity for a separate organisa- 
tion was realised and The British National Com- 
mittee for Non-Destructive Testing was established. 
It was fully appreciated that whilst being an 
independent body, it must also collaborate and work 
in conjunction with The Joint Committee on 
Materials and their Testing. 

The terms of reference, objects and constitution 
of The British National Committee are as follow :- 


terms of reference 


Provided that it shall not be allowed to absorb or 
replace the activities of any existing Institution or 
Society, but by agreement might appropriately 
supplement such activities, The British National 
Committee for Non-Destructive Testing has - been 
formed by the agreement and co-operation of Tech- 
nical Institutions and Societies and The Joint 
Committee on Materials and their Testing, to act in 
all technical matters relating to non-destructive 
testing. 


objects 

(a) To promote discussion. 

(b) To assist a co-operating Institution or Society 
in the presentation of a Paper or a group of 
Papers concerned with non-destructive testing. 
To undertake those duties with respect to inter- 
national matters which properly devolve on the 
National Committee, which may include the 
nomination of delegates to represent the United 
Kingdom at international meetings and the 
initiation of proposals or questions for dis- 
cussion at those meetings. 

(d) To collect and administer funds for the purpose 
of carrying out the above objects. 


(c 


~— 


constitution 


Members of the British National Committee will be 
drawn from three sources : 

(i) Representatives of constituent Institutions and 
Societies of the Joint Committee on Materials 
and their Testing. 

(il) Representatives of other Institutions and 
Societies interested in non-destructive testing. 

(iii) Individual experts co-opted by the National 
Committee. 














After its formation The British National Com- 
inittee, supported by most of the major Institutions, 
not only appointed three official British delegates to 
speak on behalf of Britain at the Second International 
Non-Destructive Testing Conference, held in 
Chicago in November, 1957, but also arranged a 
meeting of most of the British representatives who 
intended to be in Chicago. It was gratifying to note 
at the International Conference the serious attention 
given to the contributions made by British delegates. 

The present membership of The British National 
Committee comprises some 23 Institutions and, as 
will be seen, The Institution of Production Engineers 
plays a prominent and active part in that its repre- 
sentative was appointed as one of the British dele- 
gates for the 1957 Conference. 

The British National Committee in no way 
attempts to interfere with the activities of the 
Institutions and Societies which are its members; 
rather does it tend to act as a central clearing house 
and co-ordinating centre. The broad function of the 
Committee is that if a member Institution or Society, 
through its delegate, mentions the need for a 
Symposium or Conference dealing with a particular 
aspect of non-destructive testing, of interest to one or 
more other member Institution and/or Society, it 
requests the organisation of such a symposium or 
conference with the assistance of such other interested 
bodies. It then arranges the circulation of this infor- 
mation to all member Institutions and Societies, so 
that as wide publicity as possible is given. This also 
prevents duplication of a symposium or conference by 
two or more Institutions or Societies. 

The British National Committee, through a Sub- 
Committee, has also organised and arranged for 
Schools and Weekly Conferences on the broader 


aspects of non-destructive testing. A recent instance 
of its work in this connection is its sponsorship of 
The Summer School on The Principles and Practice 
of Non-Destructive Testing, held at The Manchester 
College of Science and Technology in September, 
1958. This Course was organised by the College in 
association with The Manchester Association of 
Engineers and The Institution of Engineering 
Inspection. Adequate proof of the demand for such a 
course was given by the fact that it could have been 
filled three times over, so that The British National 
Committee arranged to sponsor a further series of 
courses through various technical colleges and uni- 
versities throughout the country. 

A further problem which must of necessity occupy 
the minds of engineers, but which cannot be dealt 
with by any one Institution or body, is that of the 
needs of industry. In tackling this very wide and 
complex subject The British National Committee is 
proving the necessity for its existence, by discussing 
and collecting material from representatives of 
various branches of industry and its member 
Institutions and Societies, so that a study may be 
made of existing knowledge and future requirements 
made known. In due course, when this information is 
available, the Committee may be in a position to 
advise Institutions, technical colleges, universities and 
research associations what fields of research and in- 
vestigation will be most useful to British industry as a 
whole. 

Therefore, not only does membership of The 
Institution of Production Engineers give support to 
The British National Committee but also, individual 
members, through their delegate, can raise and have 
matters of national interest discussed in a very wide 
engineering sphere. 





INTERNATIONAL CONFERENCE ON HEAT TRANSFER 


The Institution of Mechanical Engineers, jointly with the American Society of 
Mechanical Engineers, is planning to hold a Conference on Heat Transfer, in the 
United States in August, 1961, and in Britain in 1962. 


It is hoped to obtain about 100 short Papers on all aspects of heat transfer, 
which will be presented and discussed on both sides of the Atlantic. 


Further details of the arrangements will be announced as they become 


available. 





Written discussion on Papers appearing in the Journal, 
or comment on any subjects of interest to production engineers, 
is invited for publication in the Journal. Contributions should be addressed to 


The Editor, 10 Chesterfield Street, 


Mayfair, London, W.1. 




















VICE-PRESIDENT TO SPEAK AT 
CAREERS FESTIVAL 


Mr. Harold Burke, Vice-President of The Institution, 
is one of the speakers at the Careers Festival which is 
to take place in Birmingham at the end of this month 
and the beginning of January, 1960. 


The Festival is being organised by The City of 
Birmingham Education Department, through their 
Youth Employment Committee, with the object of 
supplying information to young people who have 


reached the stage of choosing a career. 


Mr. Burke will give an address on “Careers in 
Production Engineering” at The Midland Institute, 
Paradise Street, Birmingham, on Ist January, 1960, 
at 2.30 p.m. The other speaker at this meeting will 
be Mr. J. E. Belliss, Chairman of the Midland 
Branch of The Institution of Mechanical Engineers, 


whose subject will be “Careers in Mechanical 


Engineering ”. 








SHEFFIELD SECTION DINNER 


The Sheffield Section Annual Dinner, which took place on 
12th October last, was as usual a highly successful and well 
organised function. This photograph, showing the Section 
officers with the principal guests, includes (left to right) 
back row: Mr. R. W. Asquith, M.C.; Mr. C. F. Rose; Mr. H. 
Crompton; Mr. R. Shilton; Mr. C. H. T. Williams; Mr. 
Ambrose Firth. Front row: Mr. S. B. Rippon; Mr. H. C. 
Johnson, O.B.E.; Mr. G. Ronald Pryor, President of the 
Institution; The Lord Mayor of Sheffield (Alderman A. V. 
Wolstenholme, J.P.); and Mr. W. B. Siddons. 








SRS acid 


JANUARY 1960 


A NEW LOOK FOR THE JOURNAL 


Members are reminded that with the January, 1960, issue the 
Journal of The Institution appears for the first time with 


Journal, and in the Supplement. An article by the Chairman 
of the Editorial Committee, in the January issue, explains the 
thinking behind this restyling and outlines the future policy 


a specific title, “ The Production Engineer” and a new cover ' 
design, which is reproduced on the left. Changes in presenta- 
tion will also be noticed in the editor:al content of the | 


of the Committee. 











Mr. G. Ronald Pryor reports on his recent tour 


“RECENTLY had the privilege of representing 
i The Institution of Production Engineers at a Con- 
ference in Cracow to celebrate the 10th Anniversary 
of INSTYTUT OBROBKI SKRAWANIEM (The 
Institute of Metal Cutting). 

The Conference, which attracted an attendance of 
over 300, was held at the Academy of Metals and 
Mining from 28th - 30th September, inclusive, when 
28 original Papers were presented by engineers and 
scientists from Poland, Czechoslovakia, Hungary and 
the U.S.S.R. The Papers covered a very wide field, 
including such subjects as “ Researches in the Field of 
Sintered Metal Oxides ”; “‘ Volumetric Measurement 
Methods Applied to Investigation of Cutting Forces” ; 
“Selected Problems of the Technology of Electro- 
impulse Machining of Metals”; and “High 
Productivity Turning and Milling ”. 

After an address of welcome by Dr. Kaczmarek, the 
Director of the Institute, I was invited to give the 
greetings of the Institution to a Plenary Session. 

On the final evening, an official dinner was given 
for the 27 foreign members of the Conference. 

The next day the foreign visitors toured the 
Institute of Metal Cutting. Considerable advances 
had been made since my last visit with the Institu- 
tion’s Delegation in May 1958, notably in the field 
of ceramic tools and also in spark erosion and 
ultrasonic machining, all of which technologies have 
their separate departments. 

Mrs. Pryor and I then left for three days’ holiday 
at Zakopane in the Tatra Mountains, to be joined a 


Mr. and Mrs. Pryor, with other visitors, at another stage of 
the tour. 








The President’s Visit to 








Poland 





Dr. Kaczmarek (third from left) Director of The Institute 
of Metal Cutting, with Mr. Pryor during his visit to the 
Institute. 


day later by the rest of the visitors who had spent 
a day sightseeing in Cracow. 

The Conference concluded with another supper 
late on Sunday evening (3rd October), and my wife 
and I caught the sleeper to Warsaw to pay our 
respects to S.I.M.P. (The Polish Society of Mechani- 
cal Engineers) who were the Institution’s hosts in 
1958. President Brach and his wife, with several 
colleagues, gave us a farewell dinner before we left 
for home. 

During the whole of the stay, whether in Cracow, 
Zakopane or Warsaw, the Poles exhibited their un- 
surpassed hospitality both publicly and privately. | 
was never without a private car, driver, and personal 
interpreter. During the time I was occupied at the 
Conference, Mrs. Pryor was also provided with her 
own interpreter and car for sightseeing and shopping 

An engineer from West Berlin, and I, were the 
only persons attending from our side of the Iron 
Curtain. This seemed to me a great pity, because not 
only is there much to be learnt from a technological 
point of view but such interchanges and_ personal 
contacts can do nothing but good in helping to re- 
solve misunderstandings and misconceptions and 
relieving strains, in addition to making some contri- 
bution on the political side. 

I hope that when such opportunities present 
themselves in future, many more of our members 
will take advantage of them. 
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Mr. J. E. Burnett, Member, has resigned froin 
the Board of Helliwells Limited, and has also left 
the Tube Investment Group. He has now joined the 
Board of Flight Refuelling Limited, as Works 
Director. 


Dr. D. F. Galloway, Member, Director of PERA, 
was recently elected World President of the Inter- 
national Institute of Production Engineering 
Research. He is the first Englishman to hold this 
office. 


Mr. W. Hirst, Member, has taken up an appoint- 
ment with Messrs. Tweedales & Smalley Limited, 
Castleton, Rochdale. Mr. Hirst has served on the 
Institution’s Newcastle upon Tyne Section Com- 
mittee. 

The Rt. Hon. the Earl of Halsbury, Immediate 
Past President, has become a Scientific Consultant 
to the Research Organisation of Davy-United Ltd., 
Sheffield. 

Mr. F. G. Robinson, Member, has relinquished 
his position as Technical Director of Luke Anthony 
Ltd., Camborne, to take up an appointment as 
General Manager at J. & J. Couch Ltd., St. Ives, 
Cornwall. 

Mr. D. A. Smith, Member, has taken up a new 
appointment as Managing Director of Weir Valves 
Ltd., Glasgow. 

Mr. J. Ivan Yates, Member, has now left 
Radiation Ltd. For the last 18 months he had been 
Managing Director of Radiation Group Export Sales 
Ltd. 

Mr. J. M. Ackland, Associate Member, has 
recently relinquished his position with British Oxygen 
Gases Limited, and has taken up an appointment as 
Lecturer in Management Studies in the Department 
of Commerce, Social and Professional Studies at 
Hatfield Technical College. 


Mr. J. Bamford, Associate Member, has been 
appointed Production Engineer at George Wilson 
Gas Meters Limited, Jarrow, Co. Durham. 


Mr. John M. Beattie, Associate Member, has 
recently taken up an appointment with R.C.A. at 
Los Angeles, U.S.A. 


Mr. H. Beran, Associate Member, has _relin- 
quished his position of Production Manager with 
Armco (Australia) Pty. Ltd., and has taken up an 
appointment as Works Manager with W. C. Stevens 
Pty. Ltd., Sydney, N.S.W. 

Mr. P. Griggs, Associate Member, has now been 
appointed a Director of Velan Engineering Company 
Limited, Leicester. 

Mr. H. H. Hoch, Associate Member, formerly 
Manufacturing Manager, Tool & Gauge Manufac- 
turing Co., Sutton, Melbourne, has now joined 
Ferrocast Pty. Ltd., also of Melbourne. 
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Mr. J. Isaacs, Associate Member, has recently 
taken up a post as Chief Development Engineer with 
Messrs. Grieves and Thomas Ltd. 

Mr. F. E. Letchford, Associate Member, has 
relinquished his position as Development Engineer at 
Morgan Crucible Co. Ltd., and has joined the 
U.K.A.E.A. at Springfields, Lancashire as Engineer 


II (Development Engineer). 

Mr. E. W. Loveland, 
Associate Member, has re- 
linquished his position as 
Manager, Aviation Division, 
of Walter Kidde & Co. of 
Canada Ltd., to become 
General Manager of Var- 
ney Inc., Miami, Florida, 
U.S.A. 

Mr. C. Needham, Associate Member, has been 
appointed Director (Technical) of H. M. Ward & 
Co. Ltd. Mr. Needham has served the Company for 
many years. 

Flight-Lieut. S. J. Nowakowski, Associate 
Member, is now Production Control Officer at the 
R.A.F. Maintenance Base, Seletar, Singapore. 

Mr. R. T. Pritchard, Associate Member, has 
relinquished his appointment as Grade B Assistant 
Lecturer at the College of Further Education, 
Merthyr Tydfil, and is now Lecturer in Mechanical 
Engineering at Garretts Green Technical College, 
Birmingham. 

Mr. W. Moore, Associate Member, is now with 
Reed Brothers (Engineering) Ltd., London, as the 
Technical and Development Engineer of the Rubber 
and Plastics Machinery Manufacturing Division. 

Mr. L. E. Rodwell, Associate Member, has now 
left the College of Technology, Loughborough, in 
order to take up an appointment with the South- 
East Essex Technical College, Dagenham. 

Mr. L. J. Rose, Associate Member, formerly 
Production Engineer at The Kenwood Manufactur- 
ing Company, is now Drawing Office Instructor at 
Queen Elizabeth’s Training College for the Disabled, 
Leatherhead, Surrey. 

Mr. G. V. Shaw, Associate Member, has relin- 
quished his position as Deputy Factory Manager 
with Yorkshire Imperial Metals Ltd., Fyffe Works, 
Dundee to join Messrs. Geo. A. Mansill Ltd., 
Erdington, Birmingham, as General Manager. 

Mr. Gerald Smith, Associate Member, has been 
appointed a Lecturer in the Department of 
Mechanical Engineering at the Harris College, 
Preston. 

Mr. M. H. Hancock, Graduate, now serving his 
period of National Service with Her Majesty’s Forces, 
was commissioned as an officer of R.E.M.E. at the 
Commissioning Parade at Aldershot on 5th Novem- 
ber last. 
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Aircraft”? by R. A, Courtman, in ne 
with A. W. Menzies, M.B.E : 
i Measurement and Control of Quality in a Textile 
Industry ” by L. H. C. — M.A., F.T.I. 
“ Quality Can be Sold ” by J. C. Walter, "MLS.A. E., 
A.S.M.E. ‘ - : 
“Quality and Automatic " Assembly ” by E. 
Summerscales, B.Sc., A.M.I.Mech.E. - 
“The Retailer’s Approach to named Control ” by 
P. F. Taylor , M.A. 
“Quantity Production of Motor Car "Engine 
Components” by H. Allen, A.M.I.Prod.E. ... 
PERA Newsletter < ae ioe 
Correspondence 
News of Members Ss oe 
Associate Membership Examination, 1959 — Pass 


Lists 


November 


‘“ British Machine Tools and the European Market ” 
by Robert W. Asquith, M.I.Prod.E. is ae 
“Quality Control in Footwear Manufacture” by 
L. Sychrava, M.A. os ra tte 
“Design Aspects of Quality ” by H. G. M, Barnes 
“ Plastic Moulding of Sparking Plug Insulators »—A 
Thesis by O. W. Dokk-Olsen, A.M.I.Prod.E. ... 
“Production Management in the Agricultural 
Implement Industry’”»—A Thesis by D. I. 
MacDonnell, A.M.I.Prod.E. bee oe oe 
Case Studies in Quality Control. Introduction by 
T. B. Worth, M.JI.Prod.E.,  A.M.I.E.E., 
CGA, .. es Te 
“The Visual Assessment of Finish ” by E. Summer- 
scales, B.Sc., A.M.I.Mech.E. : ons 
** Quality Control in the Clothing ‘Industry ” by 
S. G. B. Green ces 
“ Quality Control of Drop “Forgings Pr by J: BD. 
Bunton, F.I.M. 
“Development and Specification of ‘Acrylic ‘Plastics 
for Lighting” by W. E. Harper, Ph.D., B.Sc., 
Institution Notes 
News of Members * 
Hazleton Memorial Library - ~ Additions 


December 


A Report on Production Engineering in British 
Universities by R. C. Brewer ene ine 


Eastern Region Conference 


“The Production Engineer in the Board Room” by 
G. Ronald Pryor, M.I.Prod.E., F.B.I.M. ee 

“Higher Productivity Through Better Administra- 
tion”? by H. H. Norcross, F.C.W.A. 

“Promotion Prospects for The Young Production 

Engineer” by Harold Burke, M.I.Mech.E 
M.I.Prod.E., F.B.I.M._... 

“The Power Behind Production ” by Canon Noel 
Boston, M.A., F.S.A., R.D ane cae as 


Case Studies 


“Quality Control as applied to H.R.C. Fuse Pro- 
duction” by J. H. Bonaker, A.M.I.E.I. 

“Control of Quality in the Manufacture of Bevel 
Gears” by G. E. Paterson 

“Quality Control in the Food Industry ms by 5: H. 
Bushill, D.Sc., F.R.1.C. 

“The Control of Quality in ‘the Holloware 
Industry” by N. R. Worrall, A.M.I.E.I., 
F.R.S.A 

Non-Destructive Testing Report | by c. C. Bates, 
M.I.Prod.E, . - 

Institution Notes oe 

The President's Visit to Poland ... 
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ABHYANKAR, B. An ideological conflict between wage 
restraint and industrial engineering. September 503 - 513. 

ALEXANDER, J. M. See SAUNDERS, O. A. 

ALLEN, H. ‘Quantity production of motor car engine 
components. October 579 - 589, 593, 

AMTSBERG, H. C. Unique aspects of nuclear component 
manufacture. August 430 - 443. 

ASQUITH, Robert. British machine tools and the Euro- 
pean market. November 597 - 601. 

An ideological conflict between wage restraint and industrial 
engineering. (Abhyankar.) September 503 - 513. 

Automation: its development and _ effect. (Campbell.) 
August 446 - 454. 

BARNES, H. G. M. Design aspects of quality. 
ber 610 - 613. 

BATES, C. C. _ Non-destructive 
December 718 - 719. 

BIRMINGHAM COLLEGE OF ADVANCED TECHNO- 
LOGY. Case Studies in quality control. November 636 - 
658; December 687 - 717 

BOGOD, Mark. The search for productivity in a food 
industry. July 356 - 382, 397. 

BONAKER, J. H. Quality control as applied to H.R.C. fuse 


Novem- 


testing: A_ report. 


production. December 687 - 689 
BOSTON, N. The power behind production. December 
684 - 686 


BRAY, GEORGE. Memorial Lecture’ 1958. 
July 356 - 382, 392. 

BREWER, R. C. See also SAUNDERS, O. A. 
November 645 - 651. 

BREWER, R. C. A report on production engineering in 
British universities. December 663 - 669. 

British machine tools and the European market. (Asquith.) 
November 597 - 601. 

BUNTON, J. D. Quality control in drop forging. 
November 645 - 651. 

BURGESS, C. E. S. Planned organisation for quality control. 
September 496 - 502, 495. 

BURKE, H. Promotion prospects for the young produc- 
tion engineer. December 681 - 683. 

BUSHILL, J. H. Quality control in the food industry. 
December 699 - 710. 

CAMPBELL, J. R. Automation: its development and 
effect. August 446 - 454. 

The control of quality in the holloware industry. (Worrall.) 
December 711 - 717 

Control of quality in the manufacture of bevel gears. 
(Paterson.) December 690 - 698. 

COURTMAN, R. A. and MENZIES, A. W. Manufactur- 
ing techniques in the A.W.A. Argosy aircraft. October 
548 - 560. 

Design aspects of quality. (Barnes) November 610 - 613. 

Designing for quality. (Wilkinson.) September 485 - 488. 

Development and specification of acrylic plastics for lighting. 
(Harper.) November 655 - 658. 

The a of Technology Scheme. 


(Bogod.) 


(Puckey.) February 


85-9 
DOKK- OLSEN. O. W. Plastic moulding of sparking plug 
insulators. November 614 - 623 


DOUGLAS OF KIRTLESIDE, Lord. The operator’s 
point of view, (Problems of Aircraft Production Con- 
ference.) June 289 - 304. 

DOYLE, T. G. An analysis of materials and plant in 
current use in the furniture industry. April 189 - 197, 
205. 

Eastern Region Conference. December 670 - 686. 

Economics of transfer pressing. (Schuler.) October 535 - 


947. 


EILON, Samuel. The industrial engineering revolution. 
August 423 - 429. 

Electronic computers and the production engineer. (Ellis.) 
February 77 - 84, 95. 

ELLIS, P. V. Electronic computers and the production 
engineer. February 77 - 84, 95. 

The European Common Market, the Free Trade Area, and 
the Production Engineer. (Weir.) February 53 - 67. 

Finding the practical solution: a report of the Materials 
Handling Convention, Brighton, 1958. February 83 - 94. 

FLETCHER, Edwin. Industrial ——e and the produc- 
tion engineer. September 475 - 47$ 

George Bray Memorial Lecture, 1958. 
356 - 382, 392. 

Government policy and world markets. (Phillips.) January 
1-4, 16 

Graphite machining for (Stubbs.) 
January 5- 16. 

GREEN, S. G. B. Quality control in the clothing industry. 
November 641 - 645. 

GRUNAU, R. K. Operator control. September 489 - 495. 

GWYTHER, J. L. The task of the engineer in central 
management. August 459 - 463. 

HARPER, W. E. Development and specification of acrylic 
plastics for lighting. November 655 - 658. 

Herbert (Sir Alfred) Paper. 1958. (Weir.) February 
53 - 60. 

Higher productivity through better administration. (Norcross.) 
December 676 - 680 

HILL, H. T. Inspection techniques applied to metrology 
of aerodynamic models. March 142 - 153. 

HOCH, H. H. Can work study benefit small factories? 
May 269 - 281. 

The human factor in work study. (Spector.) September 
514 - 517. 

Importance of the aircraft industry in the national economy. 
(Open forum Aircraft Production Conference.) July 
394 - 405 

Industrial relations and the production engineer. (Fletcher.) 
September 475 - 479 

INGLIS, N. P. The production, fabrication properties and 
uses of some of the newer metals. May 219 - 237. 

Inspection techniques applied to metrology of aerodynamic 


(Bogod.) July 


nuclear reactors. 


models. (Hill.) March 142 - 153 
KENT, W. L. Management of men. April 181 - 188. 
Kirby (James N.) Paper. 1958. (Oliphant.) April 167 - 
170, 180. 
KOENISBERGER, F. Production technology at the 


University of Manchester. August 421 - 422, 437. 
LAWRENCE, G. Production of printed circuit cards to be 
used on electronic equipment for telecommunication 
purposes. April 171 - 180. 
LEE, R. L. Sub-zero temperature refrigeration of materials. 
April 198 - 205. 

MacDONNELL, D. I. Production management in the 
agricultural implement industry. November 624 - 635. 
Magnesium in aircraft tooling. (Melde.) September 480-484. 

Management of men. (Kent.) April 181 - 188. 

Manufacturing techniques in the A.W.A. Argosy aircraft. 
(Courtman and Menzies.) October 548 - 556. 

MASEFIELD, Peter G. The industry’s point of view. 
(Problems of Aircraft Production Conference.) June 
305 - 324. 

Materials Handling Convention, Brighton, 1958 
February 83 - 94. 

Measurement and control of quality in a textile industry. 


(Tippett.) October 561 - 564, 567. 


Report. 
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MELDE, Karl F. Magnesium in aircraft tooling. Septem- 
ber 480 - 484. 

MENZIES, A. W. See COURTMAN, R. A. 

Microwave instrumentation. (Stimson.) March 131 - 141, 
130. 

MILLER, D. G. Packaging for transport and export. June 
325 - 331. 

A new higher technological award. February 95. 

Non-destructive testing: a report. (Bates.) December 718 - 


NORCROSS, H. H. Higher peaerty through better 
administration. December 676 - 

North Midlands Regional ial 1958. 
January 1-4, 16. 

North West Regional Paper. 1959. 
245 - 263. 

Nuffield (Viscount) Paper, 1958. (Inglis.) May 219 - 237. 

OLIPHANT, Marcus L. The possibilities of thermonuclear 
power and its significance for Australia. April 165 - 170, 
180. 

OLSEN, O. W. Dokk-. See Dokk-Olsen, O, W. 

Operator Control (Grunau.) September 489 - 495. 

ORMEROD, Allan. The problems of productivity in the 
cotton textile industry. May 245 - 263. 

Packing for export, (Letter.) October 592 - 593. 

Packaging for transport and export. (Miller.) June 325 - 
331 


(Phillips.) 
(Ormerod.) May 


Partial line assembly of machine tools, (Randall.) June 
332 - 341. 

PATERSON, G. E. Control of quality in the manufacture 
of bevel gears. December 690 - 698. 

PHILLIPS, E. L. Government policy and world markets. 
January 1-4, 16 

Planned organisation for quality control. 
September 496 - 502, 495. 

Plastic moulding of sparking plug insulators, (Dokk-Olsen.) 
November 614 - 623. 

The possibilities of thermonuclear power and its significance 
for Australia. (Oliphant.) April 165-170, 180. 

The power behind production. (Boston.) December 684 - 
686. 


(Burgess.) 


Problems of aircraft production. Conference, No. 7, 1959. 
Douglas of Kirtleside. June 289 - 304: Masefield. June 
305 - 324; Woodley. July 384-393, 394; Open Forum. 
July 394 - 405. 

Problems of productivity in the cotton textile industry. 
(Ormerod.) May 245 - 263. 

Production engineer in the board room. 
ber 670 - 675, 680. 

Production engineering at Imperial College. 
Alexander and Brewer.) July 351 - 355. 
The production, fabrication, properties and uses of some of 

the newer metals. (Inglis.) May 219 - 237. 

Production management in the agricultural implement indus- 
try. (MacDonnell.) November 624 - 635 

Production technology at the University of Manchester. 
(Koenigsberger.) August 421 - 422. 

Production of printed circuit cards to be used on electronic 
equipment for telecommunication purposes. (Lawrence.) 
April 171 - 180. 

Promotion prospects for the young production engineer. 
(Burke.) December 681 - 683. 

PRYOR, G. R. The production engineer in the board 
room. December 670 - 675, 680. 

PUCKEY, Sir Walter. The Diploma of Technology 
Scheme; a progress report to the Council of the Institu- 
tion. February 85-91. 

Quality in Industry Conference, Buxton, 1959. Barnes. 
November 610-613; Burgess. September 496 - 502, 495; 
Grunau. September 489 - 495; Sychrava. November 602- 
609, 613: Summerscales. October 568-571: Taylor. 
October 572-578; Tippett. October 561-564, 567; 
Walter. October 565-567; Wilkinson, September 485 - 
488. 

Quality can be sold. (Walter.) October 565 - 567. 

Quality and automatic assembly. (Summerscales.) October 


568 - 571. 


(Pryor.) Decem- 


(Saunders, 
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Quality control as applied to H.R.C. fuse production. 
(Bonaker.) December 687 - 689. 

Quality control in footwear manufacture. 
November 602 - 609, 613. 

Quality control in the clothing industry. 
November 641 - 645. 

Quality control in the food industry. 
699 - 710. 

Quality control of drop forgings. (Bunton.) November 641 - 


(Sychrava.) 
(Green.) 
(Bushill.) December 


Quantity production of motor car engine components 
(Allen.) October 579 - 589. 

RANDALL, F. W. J. Partial line assembly of machine 
tools. June 332 - 341 

Report on production engineering in the British universities. 
(Brewer.) December 663 - 669. 

The retailer's approach to quality control. (Taylor.) 
October 572 - 578. 

ROCHAT, Frederic. Some recent developments in spiral 
bevel gears. February 68 - 76. 

SAUNDERS, O. A., ALEXANDER, J. M. and BREWER, 
R, C. Production engineering at Imperial College. 
July 351 - 355. 

Schofield Scholarship Paper. 1956. 
17 - 21. 

SCHOLES, Harold. Some apprcedions of Germany and 
Switzerland. January 17 - 

SCHULER, Louis. Moda of 
October 535 - 547. 

The search for productivity in a food industry. (Bogod.) 
July 356 - 382, 397, 

Some impressions of Germany and Switzerland. (Scholes.) 
January 17 - 21. 

Some recent developments in spiral bevel gears. (Rochat.) 
February 68 - 70. 

SPEAR, Peter. Institution awards. (Letter.) June 343. 


(Scholes.) January 


transfer _ pressing. 


SPECTOR, C. The human factor in work study. Sepicm- 
ber 514 - 517. 
STIMSON, W. E. Microwave instrumentation: a thesis 


describing production problems encountered during the 
evolution of a new instrument. March 131 - 141, 130. 

STUBBS. Graphite machining for nuclear reactors. 
January 5 - 16. 

Sub-zero temperature refrigeration of materials. (Lee.) April 
198 - 205. 

SUMMERSCALES, E. Quality and automatic assembly. 
October 568 - 571, 

SUMMERSCALES, E. The visual assessment of surface 
finish. November 637 - 640. 

SYCHRAVA, L. Quality control in footwear manufacture. 
November 602 - 609. 

The task of the engineer in central management, (Gwyther.) 
August 459 - 463. 

TAYLOR, P. F. The retailer’s approach to quality control. 
October 572 - 578. 

TIPPETT, L. H. C. Measurement and control of quality 
in a textile industry. October 561 - 564, 567. 

Tool wear and machinability, (Trent.) March 105 - 130; 
(Kumar, Letter.) June 332 - 341. 


TRENT, E. M. Tool wear and machinability. March 
105 - 130. 
Unique aspects of nuclear component manufacture. 


(Amtsberg.) August 430 - 443. 

Visual assessment of surface _ finish. 
November 637 - 640. 

WALTER, J. C. Quality can be sold. October 565 - 567. 

WEIR, Sir Cecil. The European common market, the free 
trade area and the production engineer. February 53-67. 

WILKINSON, C. R. Designing for quality. September 
485 - 488. 

WOLFF, H. H. Some impressions of Germany and 
Switzerland. (Letier.) July 406 - 407. 

WOODLEY, S. P. The impact on other industries. 
(Problems of Aircraft Production Conference.) July 
384 - 393, 394. 

WORRALL, N. R._ The control of quality in the holloware 
industry. December 711 - 717. 

WORTH, T. B. Case studies in quality control. 
(Introduction to Birmingham College of Advanced 
Technology Case Studies.) November 636 - 637. 


(Summerscales.) 














ACRYLIC PLASTICS — Testing. 

Harper. November 655 - 658. 

AERODYNAMIC MODELS — Testing and Inspection. 

Hill. March 142 - 153. 

AGRICULTURAL IMPLEMENT MANUFACTURE — 
Management. 

MacDonnell, November 624 - 635. 

AIRCRAFT MANUFACTURE. 

See also Aerodynamic Models — Testing and Inspection. 

Courtman and Menzies. October 548 - 560. 

Douglas of Kirtleside. June 289 - 304. 

Masefield. June 305 - 324. 

Woodley. July 384 - 393, 394. 

AIRCRAFT MANUFACTURE — Tooling. 

Melde. September 480 - 484. 

ALUMINA KERAMICS — Moulding. 

Dokk-Olsen. November 614 - 623. 

ASSEMBLY PROCESSES — Machine Tool Manufacture. 

Randall. June 332 - 341. 

ASSEMBLY PROCESSES — Quality Control. 

Summerscales. October 568 - 571. 

AUSTRALIA — Possibilities of Nuclear Power Production. 

Oliphant. April 165-170, 180, 

AUTOMATION — Principles and Applications. 

Campbell. August 446 - 454. 

AWARDS, INSTITUTION. 

Spear (Letter). June 343. 

BAKELITE BONDED KERAMICS — Moulding. 

Dokk-Olsen. November 614 - 623. 

BOOT AND SHOE MANUFACTURE — Quality Control. 

Sychrava. November 602 - 609, 613. 

Wilkinson. September 485 - 488. 

CERAMICS. 

See Keramics. 

CHRISTIANITY. 

Boston. December 684 - 686. 

CLOTHING MANUFACTURE 

Green. November 641 - 645. 

COMPUTERS, ELECTRONIC —- Logical Design. 

Ellis. February 77 - 84, 95. 

COTTON TEXTILES MANUFACTURE. 

Ormerod. May 245 - 263. 

DESIGN, PRODUCT — Relationship to Quality Control. 

Wilkinson. September 485 - 488. 

Barnes. November 610 - 613. 

DIE SINKING — Numerical Control. 

Bingham and Chamberlain. August 438 - 445. 

DIPLOMA OF TECHNOLOGY. 

Puckey. February 85 - 91. 

DROP FORGING — Quality Control. 

Bunton. November 645 - 651. 

EDUCATION, TECHNICAL — Awards and Courses. 

See also Production Engineering Education —- Awards and 
Courses. 

“A New Higher Technological Award.” 

Puckey. February 85 - 91. 

ELECTRIC LIGHT LAMPS 
Testing. 

Harper. November 655 - 658. 

ELECTRONIC COMPUTERS — Logical Design. 

Ellis. February 77 - 84, 95. 

EUROPEAN COMMON MARKET 

Weir. February 53 - 60. 

EUROPEAN COMMON MARKET 
Machine Tool Trade. 

Asquith. November 597 - 601. 

FOOD INDUSTRY — Quality Control. 

Bushill. December 699 - 710 


- Quality Control. 


February 95. 


- Materials, Acrylic Plastics, 


Relationship to 
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FOOD MANUFACTURE — Ice Cream. 

Bogod. July 356 - 382, 397. 

KOOTWEAR MANUFACTURE. 

See Boot and Shoe Manufacture. 

* URNITURE MANUFACTURE. 

Doyle. April 189 - 197, 205. 

FUSE PRODUCTION, 

Bonaker. December 687 - 689. 

GEARS — Cutting. 

Rochat. February 68 - 76. 

GEARS, Manufacture, 

Paterson. December 690 - 698. 

GERMANY — Industry. 

Scholes. January 17 - 21. 

Wolff. (Letter in reply to Scholes.) 

GRAPHITE — Machining. 

Stubbs. January 5-19. 

HEAT TREATMENT, SUB-ZERO. 

Lee. April 198 - 205. 

HOLLOWARE INDUSTRY - 

Worrall. December 711 - 717. 

ICE CREAM MANUFACTURE. 

Bogod. July 356 - 382, 397. 

Bushill. December 699 - 710. 

IMPERIAL COLLEGE OF SCIENCE AND TECH- 
NOLOGY — Production Engineering Courses. 

Saunders, Alexander and Brewer. July 351 - 355. 

INDUSTRIAL RELATIONS, 

Fletcher. September 475 - 479. 

Abhyankar. September 503 - 513. 

INSPECTION AND TESTING. 

See also Quality Control. 

INSPECTION AND TESTING - 
Electric Light Bulbs. 

Harper. 655 - 658. 

INSPECT ION AND TESTING - 

Hill. March 142 - 153. 

INSPECTION AND TESTING — "cea Finish. 

Summerscales. November 637 - 640 

INSPECTION AND TESTING, NON-DESTRUCTIVE 

Bates. December 718 - 719. 

INSPECTION AND TESTING, THREE DIMENSIONAL. 

Jones. August 455 - 458. 

INSTRUMENTS. 

See also Measuring Instruments, 

INSTRUMENTS, MICROWAVE — Manufacture. 

Stimson. March 131 - 141, 130. 

INSTITUTION AWARDS. 

Spear (Letter). June 343. 

INSULATORS, SPARKING PLUG, KERAMIC - 
Moulding. 

Dokk-Olsen. November 614 - 623. 

KERAMICS, BAKELITE BONDED 

Dokk-Olsen. November 614 - 623. 

LAMPS, ELECTRIC — Materials, Acrylic Plastics, Testing. 

Harper. November 655 - 658. 

MACHINABILITY — Relationship to Tool Wear. 

Trent. March 105 - 130. 

Kumar (Letter in reply to Trent.) June 342 - 343. 

MACHINE TOOL MANUFACTURE —Assembly Processes. 

Randall. June 332 - 341. 

MACHINE TOOL TRADE 
Common Market. 

Asquith. November 597 - 601. 

MACHINING — — 

Stubbs. January 5-19. 

MANCHESTER UNIVERSITY 
Courses. 

Koenisberger, 


July 406 - 407. 


- Quality Control. 


Acrylic Plastics foi 


Aerodynamic Models. 


Moulding. 


Relationship to European 


Production Technology 


August 421 - 422, 437. 























MAGNESIUM TOOLING. 

Melde. September 480 - 484. 

MANAGEMENT. 

See also Organisational Systems Analysis; Production Plann- 
ing and Control. 

Gwyther. August 459 - 463. 

Kent. April 181 - 188. 

Norcross. December 676 - 680. 

Pryor. December 670 - 675, 680. 

MANAGEMENT — Agricultural Machinery Manufacture. 

MacDonnell. November 625 - 631. 

MARKETS AND MARKETING. 

See also European Common Market. 

Phillips. January 1 - 4, 16. 

MEASURING INSTRUMENTS, OPTICAL. 

Jones. August 455 - 458. 

METALS, NEW. 

Inglis. May 219 - 237. 

MICROWAVE INSTRUMENT MANUFACTURE. 

Stimson. March 131 - 141. 

MOTOR CAR ENGINE COMPONENT 
MANUFACTURE. 

Allen. October 579 - 589. 

MOULDING — Keramic Sparking Plug Insulators. 

Dokk-Olsen. November 614 - 623. 

NEW METALS. 

Inglis. May 219 - 237. 

NON-DESTRUCTIVE TESTING. 

Bates. December 718 - 719. 

NUCLEAR COMPONENT MANUFACTURE. 

Amtsberg. August 430 - 437. 

NUCLEAR ENERGY PRODUCTION. 

Oliphant. April 165-170, 180. 

NUCLEAR REACTOR MATERIALS. 

Stubbs. January 5- 16. 

NUMERICAL CONTROL OF MACHINES. 

Bingham and Chamberlain. August 438 - 445. 

NUMERICARD SYSTEM OF NUMERICAL CONTROL. 

Bingham and Chamberlain. August 438 - 445. 

OERLIKON GEAR CUTTING PROCESS. 

Rochat. February 68 - 70. 

OPERATOR CONTROL (Quality Control) 

Grunau. September 489 - 495. 

OPTICAL MEASURING INSTRUMENTS. 

Jones. August 455 - 458. 

ORGANISATIONAL SYSTEMS ANALYSIS. 

Eilon. August 423 - 429. 

PACKAGING. 

(Letter). October 592 - 593. 

Miller. June 325 - 331. 

PLASTICS. 

See also Bakelite Bonded Keramics 

PLASTICS, ACRYLIC (For Electric Lamps.) 

Harper. November 655 - 658. 

PRESSWORK. (Transfer Presses.) 

Schuler. October 535 - 547. 

PRINTED CIRCUIT CARDS. 

Lawrence. April 171 - 180. 

PRODUCTION ENGINEERING - 

Brewer. December 663 - 669. 

PRODUCTION ENGINEERING EDUCATION. 

Brewer. December 663 - 669. 

Koenigsberger. August 421 - 422, 437. 

Saunders, Alexander and Brewer. July 351 - 355. 

PRODUCTION PLANNING AND CONTROL. 

Burgess. September 496 - 502. 

PRODUCT DESIGN — Relationship to Quality Control. 

Barnes. November 610 - 613 

Wilkinson. September 485 - 488. 

QUALITY CONTROL. 

See also Inspection and Testing. 

QUALITY CONTROL — Assembly Processes. 

Summerscales. October 568 - 571. 

QUALITY CONTROL — Boot and shoe manufacture. 

Sychrava. November 602 - 609, 613. 

Wilkinson. September 485 - 488. 

QUALITY CONTROL Clothing manufacture. 

Green. November 641 - 645. 

QUALITY CONTROL — Drop Forging. 

Bunton. November 645 - 651. 


Testing. 


CAREERS. 
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QUALITY CONTROL — Food Industry. 

Bushill. December 699 - 710. 

QUALITY CONTROL — Holloware industry. 

Worrall. December 711 - 717. 

QUALITY CONTROL — H.R.C. fuse production. 

Bonaker. December 687 - 689. 

QUALITY CONTROL — Gears. 

Paterson. December 690 - 698. 

QUALITY CONTROL — Organisation. 

Burgess. September 496 - 502, 495. 

QUALITY CONTROL — Relationship to Product Design. 

Barnes. November 610 - 613. 

Wilkinson. September 485 - 488. - 

QUALITY CONTROL — Relationship to Retailing. 

Taylor. October 572 - 578. 

QUALITY CONTROL—Relationship to Sales Organisation 

Walter, J. C. October 565 - 567. 

QU ALITY CONTROL — Textile manufacture. 

Tippett. October 561 - 564, 567. 

QUALITY CONTROL BY OPERATOR 
Control ”’). 

Grunau. September 489 - 495. 

QUALITY CONTROL CASE STUDIES. 

College of Advanced Technology, Birmingham. 

Case Studies. Surface Finish Assessment; Clothing Manu- 
facture; Drop Forging; Acrylic Plastics. 

November 636 - 658. 

RETAILING — Relationship to Quality Control. 

Taylor. October 572 - 578. 

SALES ORGANISATION — Relationship _ to 
Control. 

Walter. October 565 - 567. 

SHOE MANUFACTURE — Quality Control. 

Sychrava. November 602 - 609. 

Wilkinson. September 485 - 488. 

SPARKING PLUG INSULATORS, KERAMIC—Moulding 

Dokk-Olsen. November 614 - 623. 

SPIROMATIC GEAR CUTTING PROCESS. 

Rochat. February 68 - 70. 

STANDARDISATION. 

Conference of Engineers responsible for Standards. Report. 
September 518 - 525, 526 - 529. 

Binney. May 264 - 268. 

SUB-ZERO HEAT TREATMENT 

Lee. April 198 - 205. 

SURFACE FINISH — Visual Assessment. 

Summerscales. November 637 - 640. 

SWITZERLAND — Industry. 

Scholes. January 17 - 21. 

TECHNICAL EDUCATION — Awards and Courses. 

See also Production Engineering Education. 

A new higher technological award. February 95. 

Puckey. February 85-91. 

TEMPLATE MANUFAC TURE — Numerical Control. 

Bingham and Chamberlain. August 438 - 445. 

TESTING AND INSPECTION. 

See Inspection and Testing. 

TEXTILE MANUFACTURE — Quality Control. 

Tippett. October 561 - 564, 567. 

TEXTILES (COTTON) MANUFACTURE. 

Ormerod. May 245 - 263. 

THERMONUCLE AR ENERGY 

See Nuclear Energy 

THREE-DIME NSIONAL INSPECTION. 

Jones. August 455 - 458. 

TOOL WEAR — Relationship to Machinability. 

Trent. March 105 - 130. 

Kumar (Letter in reply to Trent.) June 332 - 341. 

TOOLS MAGNESIUM. 

Melde. September 480 - 484. 

TRADE. See Markets and Marketing; European Common 
Market. 

TRANSFER PRESSES. 

Schuler. October 535 - 547. 

UNIVERSITIES — Production Engineering Courses. 

Brewer. December 663 - 669. 

Koenigsberger. August 421 - 422, 437. 

Saunders, Alexander and Brewer. July 351 - 355. 

WORK STUDY. 

Hoch. May 269 - 281. 

Spector. September 514 - 517. 
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This... J ...is a line we’re not shooting! 


New, dramatically improved Mobil DTE Oils give a balanced protection 
and service performance that no other oil on the market today can equal. 


New Mobil DTE Oils for hydraulic and circulating systems have 

many specific advantages which, taken together, make a convincing reason for 
preferring them to any other oils of their kind. Here are some of the 
advantages you will get if you use new Mobil DTE Oils: 


LONGER OIL LIFE Ww 


STABILITY AT ALL TEMPERATURES Va 


NEW 

balanced 
Mobil DTE Oils 
for protection 
and performance 
no other oil 
can equal 


FREEDOM FROM DEPOSITS Ww 
PROTECTION AGAINST RUST AND CORROSION W~ 


QUICK SEPARATION FROM WATER a 


LESS WEAR a 


ASK THE MAN FROM MOBIL 


This line is no exaggeration. It is the plain truth, 

proved in careful tests against other well known hydraulic and circulating 
oils. The line down our left-hand margin is taken from a chart of these 
tests. Ask your Mobil representative to show you the chart. He will 
explain how, on balance—on the results of all the tests— 

new Mobil DTE Oils show a clear advantage that can mean lower 

costs and improved production in your business. 


MOBIL OIL COMPANY LIMITED, LONDON S.W.1 
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BULFIN PRECIGION / 


Photograph by courtesy of Messrs. J. Chesterman & Co. Ltd., Sheffield. 


SNOW & CO. LTD Machine Tool Makers 


STANLEY STREET, SHEFFIELD, 3. Telephone: 22272 
also at LONDON: 58 Victoria Street, S.W.1. Telephone: Victoria 2106 
BIRMINGHAM: Daimler House, Paradise Street. Telephone: Midland 4920. 
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WORLD’S BEST DRILL BUSH 
COMES QUICKEST... LASTS LONGEST... 














591 Cogent _— BRITISH AERO COMPONENTS LTD. WARWICK. TEL 320 











a precision lathe — 
with flame hardened bed 
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he SMART & BROWN 


Y/ 
MODEL fill (ee) 


S.8./S.C. TOOLROOM LATHE 


Distance between centres: 24”. 1” Collet capacity 
12 Spindle speeds available: 30 to 2500 r.p.m. 
Threads: 4—112 t.p.i. 


ONE OF BRITAIN’S FINE LATHES ~— Designed for the operator 


Smart & Brown (machine tools) Ltd. 
25 MANCHESTER SQUARE - LONDON - W |! 
Telephone: WELbeck 7941-6 Cables: Smartool, Wesdo, London 


MAKERS OF PULTRA MICRO LATHES AND GRINDING MACHINES 
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There’s talk of Sykes in the High Street 


The rows of shining kitchen equipment which house- 
wives in their thousands see in the big stores would 
have seemed a fantasy two generations ago. They have 
made life in countless homes immeasurably more pleasant. 
And although not many housewives know it, Sykes have 
done a great deal to make such comforts possible. Con- 
sider, for example, washing and ironing machines, food 
grinders and mixers, automatic oven timing devices. In 
the development of each of these Sykes have played a 
prominent part. 

For instance, some time ago, they were consulted by 
an inventor of kitchen machinery who had a first-class 
idea but required more detailed technical knowledge 
about the gearing involved. 


Sykes advised on the type of gearing most suitable, 


suggested certain production methods, and then made 
recommendations for the most efficient type of machine 
to suit the labour available. As a result, this invention is 
now used in homes all over the country, and its name 
is a household word. 

The truth is that there are not many production engin- 
eers in a position to solve intricate problems connected 
with transmissions and gearing. So, naturally, many people 
looking for help and advice in this field come to Sykes. 
They know that Sykes have been producing first-class 
gear generating equipment for a long time, and there- 
fore have a rich fund of experience to draw from. That 
is why their Technical Sales Advisory Service—which 
makes their expert knowledge available to everyone who 


asks for it—has become a vital part of their business. 


PR, 


Talk to SYKES about gear production 


Ss 


W E. SYKES LIMITED STAINES - MIDDLESEX © ENGLAND and associated companies: Sykes Tool Corporation Ltd., Georgetown, Ontario, Canada; 


Sykes Machine & Gear Corporation, Newark, NJ, USA - 





W. E. Sykes Ltd., Mascot, Sydney, Nsw, Australia 
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WIEDEMANN 


pierces the Time and Cost Barrier.... 


Wiedemann cuts the cost of short and medium run 
piercing by as much as 85% and does the job much 
better and much faster. No more marking out— 
No more setting up, drilling, flycutting, chiselling 
out or finishing to size and no more costly tooling. 
Modifications or complete changes of layout made 
quickly, easily, cheaply. 


Write for Wiedemann Brochure No. PE /176 and 
study the ‘hole’ time and cost question—and send 
sketches of some of your jobs and ask for time studies. 


BRITISH WIEDEMANN TURRET PUNCH PRESSES 


RA. 41P with pantograph table and stylus for rapid 
hole location. Throat depth 28" with 16, 18 or 20 turret 
stations. 30,000 lbs. capacity. Other models—hand and 
power operated—15,000 to 160,000 lbs. punching pressure. 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Telephone : WESTERN 8077 (8 lines) Telegrams: ACCURATOOL HAMMER LONDON 
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Mow you tried Harris Tapping 


. ‘Lubricant ? Available in 2-oz 


(8d.), 7-lb (13/3) and 28-Ib 
(47{-) packs. 


STOCK 


FROM 
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. or for prototype work as shown, CUNLIFFE & CROOM 


J horizontals, with their built-in features of precision and 
rigidity mean increased efficiency wherever they are installed. 
At the Imperial Tobacco Co. Ltd., Bristol, for instance, this machine, with vertical 
milling attachment, is fully employed in the Prototype Development Department, on 
components for new machines. CUNLIFFE & CROOM milling machines, horizontal, 
universal and vertical, are available in a range of sizes to reduce costs on your own 
AG work. Complete catalogues available. Write for your copies today. 


~~ CUMIUFFE: CROO 


FULL PARTICULARS OF THESE MACHINES FROM - , ORIZONTAL MILLERS 


JAMES ARCHDALE & CO. LTD. i 


Regd. Office: LEDSAM STREET, BIRMINGHAM 16 Works: BLACKPOLE WORKS, WORCESTER 
Telephone : Edgbaston 2276 Telephone : Worcester 27081 (6 lines) 


A member of the Staveley Coal & Iron Co. Ltd. Group. 


















Sole Selling Agents: 
Alfred Herbert Ltd., Coventry. Telephone: Coventry 89221 
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FOR GREATER VERSATILITY- EFFICIENCY- ACCURACY 

















.— Brown & Sharpe/— 


No. 5 TOOL AND CUTTER GRINDER 


Designed specifically for sharpening cutters and tools efficiently, 
simply and quickly, the No. 5 merits the careful consideration 
of all users of such equipment, particularly in the field of 
sharpening smaller cutters and end-mills. Additional equipment 
which is available increases the variety of operations easily 
performed on this machine. Outstanding features of this new 
design include :- 


Double-ended ball-bearing wheel spindle (super-precision, 
permanently sealed, grease lubricated bearing). 


Ingenious roller-bearing table. 
4-location table crank or knob. 


Centres : Swing, diameter ... on ome 3 
Takes length sas ae a ae 




















Brown & Sharpe/— & 


No. 10N CUTTER AND TOOL GRINDER 
With Universal or Plain Equipment 





The No. 10N with Universal Equipment includes 
revolving spindle headstock equipment, internal 
grinding attachment, formed cutter sharpening attach- 
ment (in-feed type) and surface grinding vice. The 
No. 10N with Plain Equipment is available for those 
whose sole concern is cutter and tool sharpening. 


Operating controls at both front and rear of table. 
Unit type double-ended anti-friction bearing wheel 
spindle. Sliding table mounted on arrangement of 
precision-ground steel rollers. Carriage design 
eliminates tendency to ‘ twist’ on its ways. Eye-level 
spindle-elevating handwheel. 


Centres : Swing, diameter... ma 
Takes length . = ine a 




















Sole Agents in the British Isles : 


BUCK & HICKMAN LTD. 


Machine Tools : Otterspool Way, Watford By-pass, Herts. Head Office : 2/8 Whitechapel Road, London, E.1. 


Branches : Alperton, Birmingham, Bristol, Leeds, Manchester, Glasgow. 
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M AX i a AT IC The modern, fast way of 


AUTOMATIC MULTI-TOOL LATHES BORING & TURNING HEADER TUBES 









yo 








2)” STUB TUBE FOR 
12” O.D. HEADER. 





6% | 






3+” STUB TUBE FOR 
14” O.D. HEADER. 





“MAXIMATIC”’ tooled 
up for boring and turn- 
ing header tubes. 





— 
| 
no ok 


3)” STUB TUBE FOR 
DRUM OR HEADER. 
Drummond Maximatics provide a fast, accurate method of machining | 


components required in considerable quantities. For example, header 6 
tubes of different types, can be bored and turned in batches of 1,000 

or so with considerable savings in time and cost of production. We 

shall be pleased to investigate similar applications and put forward 

suggestions for automatic machining of components perhaps not 

previously considered for a multi-tool lathe. 


Heat 


“ 


SS 
Ww. 
we 
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DRUMMOND BROS LTD. 
GUILDFORD, ENGLAND 











—H— 


Typical tooling arrangement. 











Sales and Service for Swe™ee waco’ = tthe British Isles 


DRUMMOND-ASQUITH LIMITED 








KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone; Central 0922 


Th 
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Light-duty radials for fast, accurate production 


The Asquith NLD machine is a high quality light duty radial designed 
for simplicity of operation, economy and productive efficiency. 
12 spindle speeds and 4 spindle feeds are provided, alternative speed 
ranges being available for customers selection when ordering. Special 
provision is made for the supply of filtered oil to all rotating parts in 
the slide, including spindle bearings. Available with radius, spindle 
centre to pillar centre 3’ 6”, 5'0”, 6'0”,7’ 0” or 8’ 0”. Write today for 
full details. 


WILLIAM ASQUITH LTD. 
HALIFAX - ENGLAND 


Sales and Service for {ioe michea peooXMOR? the British Isles 
DRUMMOND-ASQUITH LIMITED 


KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Central 0922 
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No. 8 TURRET LATHE FITTED WITH 15m TUDOR 3-JAW CHUCK 











___Too! Position Spindle | Surface | Feed 
DESCRIPTION OF OPERATION | Speed Speed Cuts 


oe ae Hex. Turret | Cross-slide R.P.M. Ft. per Min. | per inch Tungsten Carbide Cutting 
1. Chuck on A (using Loading Attachment) - | — — — 7 
|Rough Face and Rough Turn C (1st cut) 85 235 48 
2.;Rough Bore 6; and 4% and Rough | 
(Turn C - - wre - - 
{Rough Bore DandE - - - 
‘|Rough Turn B and Face Back of Flange | 
4. Undercut and Chamfer Bores hasecmen Sd ~W (ie 
Toolholder)- = - - - a: Ae eae 85 133 
| 
| 








85 230 70 
85 133 70 CAST IRON 
| Front 2} 85 225 70 CASTING 





{Microbore D, E and 65 die: Verse 285 98 Floor-to-Floor Time: 
5.{Finish Turn CC - Front 3 465 70 


(Finish Double Face Flange - - 
6. Remove Part from Chuck (using Un- | 
loading Attachment) - . 


Pront4 465 70 13 mins. each. 





SELLY OAK 
BIRMINGHAM 29 


LTD TELEPHONE SELLY OAK //3/ 
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sliding surfacing and 
screwcutting lathes. 











= aia JOHN LANG & AYO) hy LTD. 


eS ee JOHNSTONE RENFREWSHIRE SCOTLAND 
17 GROSVENOR GARDENS SWI 


Telephone : Johnstone 400 ! Telegrams : ‘‘ Lang Johnstone’ 


, 











L218E! 
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No. 7a Spiral-Electric Pl 
--36ft x Gft x Git” 





Se STO 
SSR ILIA 
er CSRRPA VIVES 


ZURSSRS SAERERS DASTERS 








Photograph by courtesy of 


The La Pointe Machine Tool Co Ltd 


Watford By-Pass 


B328-IB 
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‘Easicut”’ high speed steel Drills and Taps 
offer the ideal combination of accuracy, high 


cutting speeds and reliable performance. 

















ENGLISH STEEL TOOL CORPORATION LTD 


North Street Works, Openshaw, Manchester 
A wholly owned subsidiary of English Steel Corporation Ltd Sheffield 


Stocks also held at: 167 Dukes Road, Acton, London W.3; 62-64 Scotswood Road, Newcastle; 
2181 Coventry Road, Sheldon, Birmingham 26; Holme Lane Works, Sheffield. 
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Rapid, 
high-quality 









photoprinting 


and no ventilating system required 


The Ilford AZOFLEX Model 246 Combine printing 
and developing machine (formerly known as Model 
46/35) is designed for use in the print room of the large 
drawing office. It does not produce unpleasant fumes 
and special ventilating systems are thus unnecessary, 
making it a simple matter to move the machine to a 7 © Riese: dealaieiiat and aria 
new position at any time. / delivery synchronized for simplicity 
of operation. 


®@ All controls conveniently located for 
rapid, effortless adjustment. 


@ Pneumatic-assisted handling of 
originals and sensitised material to 
obviate fatigue. 


® Complete design co-ordinated for 
exceptionally high potential output. 


@ Excellent mechanical layout giving 
silent, vibrationless running. 


® Comprehensive maintenance service 
available at nominal cost. 


Capacity: rolls and cut sheets up to 42 in. wide. 
Printing speed: from 2 ft. to 30 ft. per minute. 
Lamp: H.P.M.V. quartz, 3,000 watt. 
Dimensions: height, 58 in., width, 72 in., depth 
(tray extended) 80 in. Weight : approx. 1,400 Ib. 
Subject to certain conditions, the majority of 
AZOFLEX photoprinting machines can be hired 
as an alternative to outright purchase. 


ILFORD 


PHOTOPRINTING MACHINES & MATERIALS 


Full details from 
ILFORDLIMITED,IN DUSTRIALSALES DEPT AZI8AA 
ILFORD, ESSEX. TELEPHONE: ILFord 3000 
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SIZES 1, TO 2}: 


Speed reducers 





Speed reduction problems are most part solved 
when you call in David Brown. Take the RADICON 
for example, did you know there are 270 standard 
models of this popular speed reducer, sizes 2} to 28, 
available for despatch within 24 hours? In the smaller 
sizes because demand is so great, delivery is a 
little longer. 

RADICON speed reducers, efficient, silent in 
operation, are used for those jobs where failure is an 
unspeakable crime. All over the world engineers are 
specifying RADICON by name— the finest speed 
reducer available. 

Have a word with David Brown about it today — 
on Huddersfield 3500 or Elgar 6824. 


SIZES 2} TO 28: RADICON DIVISION * PARK WORKS ° 


LONDON GEAR DIVISION °- 








STONEBRIDGE PARK WORKS ° 




















DAVID 
BROWN 





THE DAVID BROWN CORPORATION 
(SALES) LIMITED 







HUDDERSFIELD * TELEPHONE: 3500 






LONDON N.W. 10 * TELEPHONE: ELG. 6824 





oa/5785 
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a DEMONSTRATION? 


IF YOU CUT, drill or grind glass, ceramics, 













carbide or any known hard material 

the Neven Mobile Unit will demonstrate 
most efficient production methods 

with diamond tools. May we send this 


Demonstration Unit to your works? 





The Sales Manager would be pleased to 


advise you when the Unit will 


be in your area. 





IMPREGNATED DIAMOND PRODUCTS LTD 


OF GLOUCESTER - ENGLAND 
TELEPHONE 21164 (3 LINES) - TELEGRAMS IMPREG GLOUCESTER 
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rr a Spiral Bevel and Hypoid Gears offer many advantages for right angle 
drives where high efficiency smooth and silent running are required. 
E.N.V. specialize in the design and manufacture of straight and curved 
tooth bevel gears. They offer collaboration with engineers from the 
project stage on the design of gears and mountings. They have unique 
facilities for the large-scale manufacture of transmissions including 
final drives, differentials and axles for vehicles and agricultural 
equipment, precision gears for aircraft and gears for industrial applications. 


BIW Fo: 001 


% 


\ We 
LONDON 
rst 


















HYTHE ROAD, WILLESDEN, LONDON, N.W.10 
LADbroke 3622 


E.N.V. ENGINEERING COMPANY LIMITED 
Telephone : 


yi e = 

(@y) 

> 
LMh Ti 


AP 265-36 
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why pick on us P 


Yes, why? asks the motorist, 

faced with yet another demand on his 
purse — parking meters. Well, it’s a good 

. question, and maybe the Minister of 
Transport knows the answer. But if you’ve 
got to pay, you’ve got to pay — and 

here’s a meter that’ll make it almost a 
pleasure (road funds to you, too!). 
It’s the Duncan Miller Model 60, 
now being made in this country 
by Adams Powel Equipment Ltd. 
They picked on us to 

cast the parts— 90% of 

them in zinc. The largest 

weighs 5} lbs., the 

smallest 0.013 lbs. Have 

you got a pressure 

die casting problem? 


< Come and park it on us. 


























Bassisisjsiany 























sCy% BRITISH DIE CASTING AND ENGINEERING COMPANY LIMITED 


z A 
tran EDWARD ROAD - NEW BARNET - HERTS « TEL: BARNET 9211 


Also at WEST CHIRTON TRADING ESTATE - NORTH SHIELDS - NORTHUMBERLAND 
NORTH SHIELDS 2100 


CRC 33 














CUT HERE 
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Electrical Aids in Industry 


Light-Sensitive Cells 


What are light-sensitive cells? They are devices 
which can sense and measure changes in the level 
of light or, in some cases, respond to the quality of 
light falling on them. There are various types of 
cell and each has its particular field of use. One of 
the best known is the photo-electric cell. 


What can light-sensitive cells do? A change in the 
amount of light falling on the cell can cause a 
switch, relay or counter to operate. Alternatively, 
the direct indication of the light intensity can often 
allow some other factor to be determined and, if 
required, controlled. They are reliable and require 
little maintenance. Careful installation, as with ali 
types of equipment, gives a good reward. 


How can they be used? These cells have many 
applications in industry, for controlling processes, 
for inspection and measurement, for sorting 
material and for safety purposes: 


Counting 
Where objects on a conveyor belt are too soft or 
light to operate a direct mechanical counting device, 
where they are too delicate or freshly painted to 
sustain physical contact or 
HI where the articles vary in 
= 7 — size, a light-sensitive cell 
: can be used. This counts 
A O Q Vo the objects by interrup- 
oO tion of an appropriately 

sited beam of light. 








Hopper or Tank Level Control 


Many forms of feed can be accurately controlled by 
light cells. One important one is for controlling the 
input to a hopper of fluid ec. 

solids such as sand or peas. fal- aes ali 
Here, two horizontal light a 
beams are required: the 
upper, when interrupted, 
indicates that the hopper ay, 
is full and stops the supply; 

the lower, when it ceases to be interrupted, indicates 
that the hopper is nearly empty and restarts the flow. 





Package Content 


The level of powder in packages can be checked with 
light cells. The cell is so positioned that when the 





powder is up to the required level, the light reflected 
from the surface of the powder is picked up by the 
cell and causes the carton to be accepted. If not, it is 
rejected. 
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Data Sheet No. 8 


Colour Sorting 


The quality of many articles can be gauged by their 
ra) colour—seeds and nut kernels, for 
G instance. The objects are fed into 
@---e oO a tube by means of a vibrator pan 
° and fall into the beams of three 
equally spaced light cells which 
° scan them from all sides. If the 
° object is acceptable it falls into a 
Ne chute carrying it to one conveyor}; 
oO P if its colour is bad it is deflected 
oO ee e@| asa reject. 


Guillotine Guard 


Light cells for guarding a 
guillotine or power press 
should be used only as a sup- 
plement to a mechanical guard 
or where the latter is imprac- 
ticable. The interruption of a 
curtain of light by a hand stops 
the machine instantaneously. 


‘ 
4 
‘ 
' 
' 


a 
CO 





Press Feeding 


Where the rate of feed of strip metal must be suited 
to a varying speed of accept- 
ance by a press, a loop of the 
Strip is allowed to sag between 
the feed and the press. When 
the loop reaches a predeter- 
mined depth a light beam is 
interrupted and the slack is 
taken up. 





Processing Objects on the Move 

Many articles are processed while on a conveyor 
line. For instance, where articles are to be sprayed 
while on the conveyor, the 


paint saved by stopping —= —- @ = 
SEE] 2 


the gun between articles 








will make the device 
worthwhile. The same 
principle applies in a 
bakery to the spraying of 
baking tins with fat. 


1) 


! 


Automatic Door Opening and Closing 


Doors can be caused to open or close by the inter 
ruption of a beam of light. This has its uses in such 
cases as control of doors on a heating oven or for the 
passage of vehicles in a factory. This 
vit & is effected by a light beam on the 
i z side from which the approach is 
Soe . made (in many cases, both). When 
‘“, the approach beam is interrupted it 
~ opens the door which closes again 

Cj (| after a given time interval. 





For further information, get in touch with 
your Electricity Board or write direct to the 
Electrical Development Association. 

An excellent series of reference books are 
available (8/6 or 9/- post free) on electricity 
and productivity — “Higher Productivity” is | 
an example. E.D.A. also have available on free 
loan a series of films on the industrial uses of 
electricity. Ask for a catalogue. 


r 
| 





Issued by the Electrical Development Association 


2 Savoy Hill, London, W.C.2 











58568 | 
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Orders coming in fast? Splendid! But not if they come in 
faster than you can handle them. If you can’t meet the demand, 





you may lose that business to your competitors. 





That’s where UDT comes in. UDT helps you replace old 





equipment, add new, out of income. Which often means it 





pays for itself out of increased profits. A nice business-like way 





to do business. If you think UDT could help you, get in 





touch with the Manager of your nearest UDT office —the 





address is in your local directory. 





SE MENGA, REA EA RENAN Ny or RE Fo RE NA RENTS 


United 
Dominions Trust 
(Commercial) 
Limited 


United Dominions House 
Eastcheap . London . EC3 





yes” 
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The Institution of Production Engineers Journal 


< wre VN i 
= on 





“Vou know of course.... 


.... that David Brown make a range of 


hobbing and shaving machines up to 


David Brown No. 10 eet iam ine machi 
colt Pee ie ee 18 feet gear diameter . . . . turbine machines 
Hobbing Machine for gears u ‘ 1<] 1 

poy ese” 7 la for high precision gearing... . 


This machine is designed for ; : : 29 
fully automatic working, ‘Hydrax’ machines for large scale production. 





“You don’t know ? 


Please allow us to send you our latest 


brochures.’’ 


DAVID BROWN 


Almost a century of experience—99 years in fact 


THE DAVID BROWN CORPORATION (SALES) LTD., MACHINE TOOLS DIVISION 


BRITANNIA WORKS, SHERBORNE STREET, MANCHESTER, 3; TELEPHONE: BLACKFRIARS 4711 
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| 
Built to | 
Precision | 
: 








% 








BRITISH BUILT 


Machine Tool 
Standards 





















BRARED 





The all-steel 
interlocked construction, 
centreline loading and deep 


beds and rams give maximum rigidity 





CINCINNATI ——F . . . rigidity means accuracy 
at set Bas 
SHEARS 









CINCINNATI 
OFFER A COMPREHENSIVE 
DIE DESIGN SERVICE 










(MACHINE TOOLS) LIMITED 


GARANTOOLS >E PORTLAND ROAD HOVE SUSSEX 


NRP 2312A LONDON BIRMINGHAM GLASGOW MANCHESTER BRISTOL 








eh Sie 
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LAPOINTE 





for better 












broaching 


Broaching round holes 


in cross members. 


Capacity: 23/15 tons, 
stroke: 24/30/36 inches. 
These machines can be 

supplied for push, pull or 


surface broaching. 





The Lapointe Machine Tool Co Ltd 


Otterspool Watford-by-Pass Watford Herts 
Telephone Watford 31711/2/3/4 Cables Lapointe Watford 
Also The Lapointe Machine Tool Company Hudson Mass. USA 


British Made 
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SPARK 


MACHINED 
from the 


SOLID 


(Right) 

Holder used in 
conjunction with a jig 

for the precise boring of 
small carbide components. 


(Right) 

An intricate electrode 

(Mazak) and finished workpiece 
(high carbon steel). 


rhe ives MY SPARCATRON 


IMPREGNATED DIAMOND PRODUCTS LTD: OF GLOUCESTER - ENGLAND 


Sole Agents for the United Kingdom - BURTON GRIFFITHS & CO. LTD - KITTS GREEN - BIRMINGHAM 33 









25i1n(635mm) swing 
TUT dh t- Cotta M--m ool tal- meta al 





mevy 
model SR10V 


8 ft. 6in. (2590 mm.) bed admits 36in. (915 mm.) 
between chuck and hexagon turret faces. 


18 speeds in ranges up to 1,000r.p.m. 
54 feeds from 2 thou. to 1/8 in. 


Special heavy duty saddle and slide 
support. 360° swivelling compound 
Pl tool slides. Precision indexing 
hexagon turret with faces 
taking WARD standard 
, mountings. 
’ Centralized stop for 
drilling and reaming. Motor 
drive from 10 to 20h.p. 








FULL RANGE OF MACHINES INCLUDE : 


CENTRE LATHES: 17in. (430mm.) to 42in. 


(1065 mm.) SWING 
SURFACING & BORING LATHES: 17 in. (430 mm. 


and 25 in. (635 mm.) SWING 
Comprehensive range of extra features and equipment available for all machines 


DENHAM’S ENGINEERING CO. LTD. HALIFAX, ENG. 
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° mn ° * 

for more flexible, accurate, economical production m 

Adjustable to any diameter within its 1/8” limits, each Multibore collet replaces at * 
least ten conventional collets. Thus a very small range of Multibore collets will 

handle all sizes of work between 1/8” and 2”. The Crawford Hydraulic Chuck is * 
specially designed for use with Multibore collets and is available in 2 sizes. Each 

incorporates a self-contained hydraulic system, for closing the collet easily and * 
efficiently, making this the most powerful DEAD LENGTH chuck in the world. 

* 

* 

CRAWFORD COLLETS LIMITED 2 





WITNEY - OXON _ Telephone: Witney 334 


London Stockists : Acbars Ltd., 16-18 Macleod Street, Walworth Road, London, $.£.17. RODney 719! 
Midiond & Northern Stockists - Retselp Engineering Ltd., Vulcan Road, industrial Site, Lode Lane, Solihull, Birmingham. SOLihull 2239 
Agents for Scotland : R. McSkimming & Co., 65 West Regent Street, Glasgow C.2. DOUgias 7391 /2 
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11 detailed REASONS WHY 
Production Engineers rely on 


MAXAM precision AND QUALITY 


Heavy-duty Piston Rod 


Circlip for Easy Removal 
of Gland Housing 


Double Gland Packings 


Extra-long Bearing 


Cylinder Body 


Patented Internal Retainer 













Endcap Sealing 


Extra- wide Piston 


improved Cushioning 
Honéd Bore 


Special Patented ‘E’ Packings 





q Complete reliability and unrivalled efficiency of operation 

wet begin in the Design D.O. Study this part-section of a MAXAM 
pneumatic/hydraulic cylinder and you will appreciate how 
attention to minute details of design gives MAXAM products their 
world-beating quality and proved reliability. 


* Extra-wide Piston—for greater bearing surfaces. 


* Heavy-duty Piston Rod— manufactured from the finest stainless 
steel, surface-ground to fine tolerance. Hard chrome-plated rods 
can be supplied. 


* Improved Cushioning —ensures controlled deceleration without 
impact. 


* Special Patented ‘E’ Packings—having integral retaining rings 
to provide effective sealing. 


* Honed Bore—minimises friction and packing wear. Improved 
efficiency due to more effective sealing of piston packings. 


* Cylinder Body — material strength protects against deformation. 


* Patented Internal Retainer —eliminates external methods of 
securing end-caps. Maximum size of cylinder is o/d of body. 


* Extra-long Bearing —in the front end-cap provides substantial 
support for piston rod. 


For completely reliable operation 
with maximum economy —specify 





* Double Gland Packings— provide effective air/oil seal for 
pneumatic or hydraulic operation. 


* Circlip for Easy Removal of Gland Housing — simplifies 
maintenance. 


* Endcap Sealing —for low-pressure hydraulic operation. 
66°., of current production from our machine shops is for companies 
whose designers— with experience of MAXAM< product quality, per- 


formance and reliability—have planned their future production 
machines with MAXAM Fluid Power Equipment in mind! 


MAXAM POWER LIMITED oe 


crmovure 


Camborne, England. Telephone: Camborne 2275 (10 lines ) 
London Office: 44 Brook Street, W.1. Telephone: HY De Park 9444 
A company in the Holman Group which has branches, 


technical representatives and agents throughout 
the United Kingdom and the world 


Fluid Power Equipment 






The Institution of Production Engineers Journal 





ba ® ot ot ot wh of ot 





Horstmann-A gauge of accuracy 


And —for good measure—the Horstmann Model 52 Screw 
Caliper Gauge incorporates several features which make it versatile, 
easy to handle and long-lasting. 

One of its advantages (as can be seen from the illustrations) is 
that there are no projections from the side of the Caliper frame; 
therefore shouldered work can easily be gauged. Adjusting screws 
allow for a wide range of work diameters and tolerances, and are 
used for readjusting to size when the gauge becomes worn. The 
depth of the anvil section prevents shearing and makes the Horst- 
mann Model 52 ideal for gauging Acme forms of thread. The 
radiused anvils do not roll and can be used for either left or 
right hand threaded workpieces. The Caliper is normally supplied 
as a ‘GO’ and ‘NOT GO” combination gauge so that both tests 
can be applied in one action, but is also available as ‘GO’ only or 
‘NOT GO’ only. It is manufactured in a full range of B.A., 
American, Unified, Whitworth and Metric forms of thread. 

Horstmann also make screw or plain Plug and Ring type gauges. 
All these precision instruments are guaranteed for accuracy, hardness 
and finish to the requirements laid down by the National Physical 
Laboratory and British Standards Institution. 

We shall be delighted to send you descriptive leaflets. 








PLUG, RING & CALIPER GAUGES 
put accuracy in your hands. 


THE HORSTMANN GEAR COMPANY LIMITED 
Newbridge Works, Bath, England. Tel: 7241 
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New B&D Heavy Duty Angle Grinders 
slash servicing costs-send production up- 
in independent 1,000-hour trial 


































The only Angle Grinder with 
the GUTS fo give you 


12 months free servicing 


After all other Grinders had failed, The 
Maestro Welding & Engineering Co. Ltd. 
(Government contractors under stringent 
A.I.D. inspection) put six of the new Black & 
Decker Angle Giinders to work. Each 
machine was given a tough 1,000 hour trial. 
Then performance was compared with that 
of previous machines. 

Maintenance and grinding wheel costs were 
DOWN. Production figures and operators’ 
piece work earnings were UP. 

The new Black & Decker machine stays on 
the job longer—needs far less servicing— 
then any other Angle Grinder. That’s why, 
as a guarantee of our confidence, we’rc 
giving a 12 months free repairs and servicing* 
certificate with every machine bought be- 
tween now and December 3Ist, 1959. 
Attachments available for Planing, 
Sanding, Cutting, Wire Brushing, etc. 
*Black & Decker operate the largest electric 
tool service organisation in the country, with 
nine branches alerted for 24-hour service ! 





BLACK & DECKER LTD., HARMONDSWORTH, MIDDLESEX. 1 
Please send me more information about your new Heavy Duty Angle Grinder |_| Please arrange a demonstration [_] (Tick where necessary) 
NAME he PE EOE Cara eee 7 CO ee 
COMPANY ek ger SE RS : ; ene TON eee eNO ted IRN Bier 
ADDRESS eta £ 
5 IPG3 
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FOR LONGER LIFE! 











MANUFACTURED BY 


IMPREGNATED DIAMOND PRODUCTS LTD - TUFFLEY CRESCENT - GLOUCESTER 


DISTRIBUTED BY 


UNIVERSAL GRINDING WHEEL COMPANY LIMITED - STAFFORD - TELEPHONE: STAFFORD 381 
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FOR 
CONSISTENTLY HIGH 
RATES OF PRODUCTION 
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GRINDING 
=) JAGUAR’ 
<==" CRANKSHAFTS 





These PRECIMAX MPB 
14/40 Plain Cylindrical 
Grinding Machines yield 
the twin merits of con- 
sistently high output and 
unvarying accuracy which 
contribute valuably to the 
economical production of 
Jaguar crankshafts. They 
are equipped with 36” 
diameter grinding wheels 
for grinding the main 
journal bearing diameters 
and the machining cycle 
includes automatic facing 
feed for grinding the 
journal end faces. 


LANDIS LUND LIMITED * CROSS HILLS * KEIGHLEY : YORKS 


TELEPHONE: CROSS HILLS 3211 
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CUSTOMERS OF CARBORUNDUM 


Bert Kilgour has worked at the main 
factory of A.V. Roe & Co. Ltd, at 
Chadderton, for 40 years, and is now 
the senior foreman of the toolroom, 
in which 300 men are employed: 
“Must be one of the biggest tool- 
rooms in the country,” Bert says. 
“We started getting grinding wheels 
from CARBORUNDUM in 1936, and 
they’ve supplied most of our wheels 
ever since then. That’s for the whole 
factory — not just the toolroom. 
Why? Well, because their wheels do 
a good job, and give us good service. 
They’ve always been ready to help 
us when we’ve asked them to.”’ 












“The tools for machining 


jobs on the Avro Vulcan 
are mostly ground 
on wheels from 


CARBORUNDUM’” 


says Bert Kilgour 


SN 


~ 


~ 


CARBORUNDUM can help YOU Products by 


In mostofthe majorindustries, of the world, cARBORUNDUM 


is helping top firms to make better products, to cut costs, 
and to speed production. In the sharply competitive Cc A R com re) R U hae D U laa) 
industrial climate of today there are three main conditions 


for success: high quality, low prices, and early deliveries. —e 


CARBORUNDUM can help you to meet them all. can cut your costs 


THE CARBORUNDUM COMPANY LIMITED: TRAFFORD PARK:-MANCHESTER 17 - Phone: TRAfford Park 2381 





er ee ee 


oe 2 2S Oe a 


De ee &, o, e 

















Engineers Journal 


The Institution of Production 





A Reliable,Safe Source of Power 


In busy machine assembly shops and factories the use of Compressed 
Air is speeding production and, at the same time, reducing costs. It is a 
reliable and safe source of power. 


In many of the largest undertakings you will see ““ BROOMWADE ” 
Air Compressors and Pneumatic Tools at work, for they have been 
designed for ECONOMY, EFFICIENCY and RELIABILITY. 


The type L 2000, illustrated, is the latest of the “ BROOMWADE ” 
Stationary Range, incorporating new features in design and economising 
in floor space. It delivers 2,200 c.f.m. at 100 Ib. per sq. in. 


Write NOW for publication No. 350 C.E. 


““BROOMWADE”’ 


AIR COMPRESSORS & PNEUMATIC TOOLS 
YOUR BEST INVESTMENT 








BROOM & WADE LTD., P.O. BOX No. 7, HIGH WYCOMBE, ENGLAND 


Telephone: High Wycombe 1630 (10 lines) Telegrams: “ Broom”, High Wycombe (Telex) 
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What is 
the cheapest 


and simplest way 
of fixing 
this... 


TOthis?... 


When both are metal—the answer is almost invariably stud welding. The 
cost may be as little as one fifth of, for instance, the cost of drilling and 
tapping. The time an even smaller fraction. And stud welding is far 
stronger than any alternative method and absolutely permanent. 

Stud welding is speeding up production and lowering costs in an immense 
range of industries from shipbuilding to domestic equipment. Attachments 
may be of almost any shape. A talk with our Engineers perhaps, followed 


by a demonstration, will be worth your while. 


(rompton Parkinson 
STUD WELDING 


we CROMPTON PARKINSON (STUD WELDING) LIMITED 


ELECTRICAL EQUIPMENT 1-3 Brixton Road, London, S.W.9. Telephone: Reliance 7676 
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control engineering— 


The experience gained by this Company over many years of Control 
Engineering in almost every industry, together with considerable 
resources for research and development are available to you for the 


solution of your present and future control problems. 


The Control Gear Division at Kidsgrove co-ordinates the Company’s 


activities in this field. 


ENGLISH ELECTRIC 


control gear 





E ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 
Control Gear Division, Kidsgrove, Stoke-on-Trent, Staffs. Tel: Kidsgrove 2141/3 


WORKS: STAFFORD . PRESTON 4 RUGBY x BRADFORD : LIVERPOOL : ACCRINGTON 


CG.! 
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‘Performance’ 








and 
production 


LOCKHEED 
DISC BRAKE 


rank equally 


The new Wolseley 6-99 and the new Austin A-99 are fitted with Lockheed 


disc brakes; other B.M.C. models are fitted with Lockheed drum brakes. 


The use of these systems by B.M.C. is significant; they have these factors 
jn common; to the user they mean dependable braking, characteristic of 
all Lockheed manufactures; to the production engineer they mean sensibly 


planned units, lending themselves to rapid and accurate assembly. 


Locknese 


REGD TRADE MARK 


LOCKHEED HYDRAULIC BRAKE COMPANY LTD. 
LEAMINGTON SPA - WARWICKSHIRE » ENGLAND 


= ONE OF THE AUTOMOTIVE PRODUCTS GROUP 
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the OR RDRESS 


for wheelforming under optical 
control without template 




















The unit is permanently attached 























to the head of the machine. One 
radial and two tangential straight 
line motions can be carried out 
in one setting. Additional wheel 
dressings are undertaken by oper- 
ating the micrometer controlled 
cross slides, thus permitting the 
dressing of intricate profile com- 
binations along the periphery of the 
wheel. The microscope facilitates 
quick and accurate diamond 
settings and the checking of the 
grinding wheel after dressing. 
Commercial diamonds can be 
employed since the radial dress- 
ing motion is viewed against 
a graticule. 


Patent Pending on No. 36115/58 


FOR GOOD FORM CHOOSE THE... 
P.G. OPTIDRESS 


PRECISION GRINDING LTD 


MILL GREEN ROAD - MITCHAM -: SURREY Phone: MITCHAM 3014 









STRATELINE 




































The photograph above shows the type CW] 
Strateline unit fitted to a Rolls-Royce Dart Aero 
Engine Overhaul Stand which was designed and 
manufactured by Messrs. Morfax Limited, of 
Mitcham, Surrey. The high efficiency and 
compact assembly of the Strateline makes it 
particularly suitable for manual operation and 
many variations have been supplied for high 
pressure valve operation, hand winch units, 
furnace tilting, etc. Where reasonable quantities 
are involved we are prepared to design 
special units against particular applications. 
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SPEED 
REDUCERS 


& This Strateline unit has an output capacity of 7,000 Ibs. ins. 
required by maximum out of balance conditions whilst 
working on the Engine. 


& The ratio illustrated is 60:1, but ratios between 20:1 
and 100:1 are provided by the hypocycloidal gearing. 


ee Self-sustaining Strateline mechanism which operates when 
movement of handle ceases — the engine can be rotated, 
and sustained at any position, through 360°. 


VARATIO - STRATELINE- GEARS LTD. 


277-279 ABERDEEN AVENUE, 
TRADING ESTATE, SLOUGH, BUCKS. 














48” X 113” table 
32” longitudinal traverse 


5 h.p. motor 


ELLIOTT |, —Rapidmil 


Power feeds and rapid traverses in all directions 
12 spindle speeds 30-1,050r.p.m. or 43 - 1,500 r.p.m. 
18 table feeds 0.65-15in./min. or 0.93 -21.5 in./min. 


Backlash eliminator standard equipment 













MILLING MACHINES 


48” < 113” table 
32” longitudinal traverse 

Power feeds and rapid traverses in all directions 

12 spindle speeds 30-1,050r.p.m. or 43 - 1,500 r.p.m. 


18 table feeds 0.65-15in./min. or 0.93-21.5in./min. Ourcomplete range of machines 
will be on view!under power at 


5 h.p. motor — ; our showrooms, from 7th - Ith 
Backlash eliminator standard equipment December inclusive. WE LOOK 
FORWARD TO SEEING’ YOU. 


Manufactured by : 

B. ELLIOTT (MACHINERY) LTD. 
(MEMBER OF THE B. ELLIOTT GROUP) 

VICTORIA WORKS, WILLESDEN, LONDON, N.W.10 


Telephone: ELGar 4050 (10 tines) Telegrams: Elliottona, Harles, London 
Overseas Subsidiaries: CANADA, U.S.A., AUSTRALIA, S$. AFRICA 










rs aaa 
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ELLIOTT OF LO 






prereel 


NDON GROUP 















NRP 9053, 
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contactors 





These illustrations show one of our 
smaller contactors in unit and inter- 


locked form. 


A phone call or post card will bring you 


our new Catalogue M.S.11 showing these 


Contactors and all other ARROW Motor 


Control Gear. 





35’ Series 4 pole 
Contactor 










Compact and robust, these contactors are 
ideal for all industrial applications and 
machine tool control duty up to § h.p. 
440/550 volts A.C. 3 phase. Available 
with AC coils for standard and non- 
standard voltages up to 550 A.C. 50/60 


cycles. 





‘55’ Series interlocked 
Contactors for reversing 
duty 





| ARROW ELECTRIC SWITCHES LTD - HANGER LANE - LONDON - W.5. 


A/29 











A82 The Institution of Production Engineers Journal 









DRIVING MOTOR ; Increase production with 


aka cae F Li Ps 


ta-Drum, 


COOLANT CLARIFIER 


Incorporating ‘Magnadur’ 
ceramic magnets 





‘MAGNADUR 
RINGS 


GEAR BOX 


COOLANT OUTLET § 


seh sited The heart of the Philips ‘Magna-Drum’ coolant Clarifier ts a 


compact unit which is magnetic over its whole surface area, and 
incorporates ‘Magnadur’ high power ceramic magnets. The 
equipment will filter straight cutting oils or solub!e oil coolants 
without any modification. A very high proportion of grinding 
abrasive is always entrained in the ferrous swarf collected. Standard 
‘Magna-Drum’ Clarifiers are available for handling flows of 
SCRAPER PLATE 300 g.p.h. to 7,500 g.p.h. Larger equipments can be designed to 
suit special applications. British Patent No. 765495. 


* Higher Production rates 
* Finish improved 


* Completely automatic 


PeiLips Oy THE DEPENDABLE FILTERS 
Sole Distributors in the U.R. 


* Coolant saved RESEARCH & CONTROL INSTRUMENTS LTD. 


* Sludging of settling tanks prevented 207 King’s Cross Road, London, W.C.1. Telephon2: TERmi.us 2877 


* Fewer wheel dressings 


(P10295A) 




















ENTRED PER HOUR 





130 SHAFTS FACED AND C 


Facing % off each end and drilling 


7 centres in 23" diameter Electric Motor 


Shafts in a floor to floor time of 27 
seconds, is typical of the high production 
which can be achieved on the — 


HEY No. 3 DOUBLE ENDED 
CENTRING & FACING MACHINE 


@ Perfect alignment of centres 
@ True faces and accurate lengths 
@ Turned finish on faces 


@ Eliminates subsequent facing down 
to centres or recentring 










Faces 3° diameter. Standar® 
Vices have eS 
capacity of 63 — : 
Minimum length han ese 
Standard bed 443 ps 
take work up tO “"' 


or 72’ long. 
























We also manufacture Rotary Cam 
and Profile Milling Machines, Short 
Thread Milling Machines, Multiple 


ENGINEERING CO. LTD. [eomamcemsonae tiene 


COVENTRY PHONE: COVENTRY 8641 ee oe. Machine Tools for 
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Gleaning component parts for 
the new Hoover Junior Gleaner 








At the highly mechanised Hoover Factory at Perivale in Middlesex a Dawson 
metal cleaning and degreasing machine plays an important role in the efficient 


production line for the new Hoover Junior cleaner. The illustration above Machines 
shows how the three diecast components converge ready for washing. The for cl . 
two smaller components come from the bottom left and the housing comes down . res 
the chute from the top left. lar ge and 
This is only one of the countless applications for the Dawson metal cleaning smallarticles 


and de-greasing machines which are widely used in every grade of engineering 
from electric shaver components to ‘heavy diesel cylinder blocks. 
A catalogue giving full details of these machines can be sent, on application, from 
Drummond-Asquith (Sales) Limited at the address given below. 





Sole Distributors 


DEGREASING AND DRUMMOND=- ASQUITH LTD. 


CLEANING PLANT King Edward House. New St..Birmingham 
Tel. Midland 3431 








Manufacturers : 


DAWSON BROS. LTD., Gomersal, Near Leeds. Tel.: Cleckheaton 3422 (5 lines) 
LONDON WORKS, 406 Roding Lane South, Woodford Green, Essex. Tel.: Wanstead 7777 (4 lines) 
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5 Scratch Investigation Microscope 


A small portable instrument for measuring the 
depth of scratches on a flat or curved surface. 
The microscope stands on the surface and the depth 
of scratch is read to 0.001 in. on a simple scale seen 
in the eyepiece; lesser amounts can easily be 
estimated. 

Illumination is either by a small portable battery 
or from the mains and the microscope can be 
used indoors or in the open. 


Photographic records can be made on 35 mm. roll 
film with a camera attachment, Height: 73 in.: 
weight: 2 Ib. 


Write for list f25. 


UBER 
WATTS 


HILGER & WATTS LIMITED - 98 ST. PANCRAS WAY - LONDON : NWI Tel: GULliver 5636 








Are you satisfied = cutting fluids ? 






To give satisfaction,a cutting fluid must perform five 
functions efficiently, namely, 

Cool the tool, the chip and the workpiece. 

Lubricate the cutting edge of the tool. 

Flush swarf away from the cutting area. 

Enable maximum cutting speeds to be 

maintained. 

Protect the work and the machine against 

corrosion. 

If the cutting fluid you use at present disappoints you in any of these 

categories, it’s time you investigated the FLETCHER MILLER range. 

FLETCHER MILLER cutting fluids have proved themselves in action 

on every type of machining operation. They offer many advantages to 

every engineer seeking higher output, better finish or reduced costs. As a 

first step, ask for our booklet SP. 173 “‘Cutting Fluids” which describes 


the complete range. 


Per 








specify FLETCHER MILLER COOLEDGE 


The premier general-purpose soluble cutting 
fluid. It services an astonishing range of 


« « operations successfully and frequently can be 
standardised throughout one or more sections 
of the machine shop. Moreover, it is really 


economical—dilutions of up to 1:60 are not 
uncommon in soft water areas. 














FLETCHER MILLER LTD., ALMA MILLS, HYDE, CHESHIRE. 
Telephone: HYDE 3471 (5 LINES) Telegrams : EMULSION, HYDE 





CFI23 








Electric 
Motor 
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One of many different types of machines 
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BROCKHOUSE 


MACHINE TOOL 
REBUILDING SERVICE 


Why not consult us about that one-time useful machine tool 
which is now standing idle? We have a comprehensive machine tool 
(B RO C K HOU S E ) =: rebuilding service available for LATHES, AUTOMATICS, 
=: MILLERS, SHAPERS, PRESSES and DIE CASTING MACHINES. 
Machines cre completely stripped, parts replaced and when 











J. BROCKHOUSE & CO. LTD. 
Machine Tool Division 


ELMS WORKS - WOLVERHAMPTON) = 
Tel.: 23801 = SEND FOR DESCRIPTIVE LEAFLET. 


rebuilt carry our six months’ guarantee. 




















BRANDED BOLTS 








Each type of Newall bolt 
Newall Hitensile ... Newalloy... 


Newallastic ... Newall Hi-tem... 


is branded with its own distinctive mark 


and is recognised by engineers as having 


“unique” qualities. 





We shall be happy to supply any engineer 
designer who is interested with details of 
the various bolts and studs, which cover 
the full range of modern requirements. 





AND COMPANY LIMITED 





LOOK FOR THE NEWALL BRAND 








al 
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ORMERO 


The Ormerod range of Heavy Duty Shapers is based 


D HEAVY DUTY SHAPING MACHINES 


for high Metal Removal and Sustained Accuracy 


*” 
* 
* 
* 





With rapid power traverse 


Fifteen rates of feed 


on 40 years experience of reciprocating machine 


tools, resulting in machines of exceptional rigidity, Automatic pump lubrication 


thus ensuring full power to the tool without Swivelling base vice is standard 
vibration, a heavy cutting capacity being combined 


with a high degree of accuracy. 







Power traverse is an integral part of the main gear 
box and provides rapid traverse in both directions of 


the table in addition to 15 rates of feed. 


Write for further details of the size of machine 


which interests you. 


ADDITIONAL 
EQUIPMENT AVAILABLE 


UNIVERSAL (COMBINED SWIVELLING 
AND TILTING) TABLE 
SWIVELLING TABLE 

DEEP WORK TABLE 

AUTOMATIC FEEDS TO TOOLBOX 








BUILT IN A RANGE OF SIZES 














SIZE OF MACHINE 24 in. 26 in. 32 in. 36 in. 
Horizontal Travel of Table 28 in. 30 in. 32 in. 35 in. 
Length and Width of Table Top ... | 26in. X I8in. | 27 in. X 20in. 29 in. X 20 in. 29 in. X 22 in. 
Max. distance Table to Ram 14 in. 14 in. 14 in. 14 in. 





Rates of Feed, horizontal 


Ol in to .15 in. 


Ol in to .15 in. 


01 in to .15 in. 


01 in to .15 in. 








Rate of Feed, vertical 





.002in. to .03in. 





01 in to .15 in. 





01 in to .15 in. 





01 in to .15 in. 





ORME OD SHAPERS rb. 


Member of the Asquith Machine Tool Corporation 











HEBDEN BRIDGE, YORKS, ENGLAND Telegrams : ‘Shapers’, Hebden Bridge. Telephone : Hebden Bridge 17 and 313 
673SO 
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measure in micro-inches 
without physical contact! 


This Electronic Micrometer measures with high accuracy* any distance 
from 100 to 45,000 micro-inches. This is achieved using one of a set 
of non-contacting probes—the instrument, in fact, measures the capaci- 
tance formed between the probe and the specimen, which is in direct 
relation to the distance separating them. The meter indicates balance 
or deviation from a standard set with the micrometer gauge. Facilities 
are provided for recording and remote or larger scale meter indication. 
A metric version is available. 


* Better than +1% on flat surfaces. 


Applications 


The Electronic Micrometer will measure :— 

PIECE PARTS Automatically - TOOL WEAR * STRAIN + METAL CREEP 
PRECISION GRINDING +» DEPTH OF ETCH - TEMPERATURE COEFFICIENTS 
and can be applied in metallurgy and crystallography’. 








Information Service Leaflet EB721 describes fully the 


WAYNE KERR 


Electronic Micrometer B721 

The Wayne Kerr Laboratories Limited, 

Sales and Service, 44 Coombe Road, New Malden, Surrey 
Telephone : MALden 2202 








@Mwkio 








Vacu-Blast with its unique features of mobility and 
dust free shot blasting can be used for blast 
cleaning a wide variety of metal fabrications which 
would be inaccessible or impracticable for blasting 
by other methods. 


The Vacu-Blast Senior, Standard, Medium and 
Junior machines are designed to cover a wide 
range of shot blast applications — there is always a 
Vacu-Blast machine for your job. It is unequalled 





for weld preparation in the fabrication of pressure 
vessels, surface preparation prior to and after 
fabrication, spot blasting of welded assemblies 
after site fabrication, internal tube cleaning and 
shot blasting in confined spaces. 






All enquiries to: 


VACU-BLAST LIMITED 


WELLCROFT ROAD - SLOUGH - BUCKS 
ENGLAND 
Telephone No. SLOUGH 24507/8/9 
VACU-BLAST (AUST.) PTY. LTD. 
AIRPORT WEST, VICTORIA, AUSTRALIA 
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Minor Cylinders—}” to 24” dia. 
Standard Cylinders—1?” to 8” dia. 
Heavy Duty Cylinders—2” to 12” dia. 
Control Valves and Accessories 


for all pneumatic applications 





Catalogue on application to: 


MARTONAIR LTD - PARKSHOT - RICHMOND - SURREY 


Also in Australia, Belgium, Canada, Denmark, Finland, France, Germany, Holland, Italy, 









New Zealand, Norway, South Africa, Spain, Sweden, Switzerland, U.S.A. A.D.43 
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Sn OUTPUT ROCKETS! 


when you install this 









One item in a comprehensive range, this drill feed unit is intended for the control of sensitive drilling 
machines, light milling, grinding and other advance/retract operations. It can be supplied with hand, 
foot, or air control, or (as illustrated), electrical control, each of which can be equipped with an Accurate 
Depth attachment. Deep Hole units are available in both Standard and Heavy Duty types. 





Write for ‘‘Do it Yourself Automation’’, first step to higher output. 


a 
a 
i 
i 
| 
i 
f The second step —our engineers are always ready to advise on the selection and use of this equipment to 
a give maximum results. 
en D and Distributed by G E. 0. H 7 H U GH E $s L TD . 

a EDGEMOND AVENUE, TYBURN, BIRMINGHAM 24. TEL: ASHFIELD 1183 


r) 








a cs rt * I d 
Production time cut from rete anise gy 


the Brush Electrical 


1 & 
5: hours to 70 minutes | 22:5. 
2 Loughborough. Member 
of the Hawker-Siddeley 


on turbine component Group. 











Hawker Siddeley Brush 
turbine component after 
being machined from 
the solid on a Wadkin, 
Type LC. Router. 








Using a conventional miller, the machining time 
on the diffuser (shown above) for a Hawker 
Siddeley Brush 30 Series Turbo Charger was 
4} hours. In addition, another hour was 
required for fettling. But now, this light alloy 
component is machined from the solid on a 
Wadkin Articulated Arm Router with cutting 
speeds up to 12,000r.p.m. The result is a time- 
saving of more than 75%. 

A demonstration on your components would 
quickly show you the economy and production 
potential of this modern, inexpensive machine 
tool. May we arrange it? 














Wadkin Ltd., Green Lane Works, Leicester. Tel: 68151. London Office: 62-64 Brook Street, W.1. Tel: MAYfair 7048 








AAA 
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let Wild-Bartield fit 
heat-treatment into 
your production line 








More and more production engineers are finding that the installation of Wild- 
Barfield continuous furnaces speeds up production flow and helps to cut costs. 
By bringing heat-treatment right into the production line, delays and wasteful 
handling are eliminated. Wild-Barfield make a wide range of continuous furnaces 
for normalising, hardening, tempering, carbonitriding, bright annealing and other 
applications. All are built to the highest standards of workmanship to meet the 
requirements of production engineers and metallurgists. The Wild-Barfield 


Research Department is available to advise on your heat-treatment problems. 
ELECTRIC 


aU at a) 
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WILD 
BarrieLD FOR ALL HEAT-TREATMENT PURPOSES 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 26091 (8 lines) 


WB37 








RICHDOND| 


MILLING & DRILLING 
MACHINES 


Speed, rigidity, flexibility. These are the basic points that 
the discerning buyer looks for in a machine tool. But these 
essential qualities don’t just “ happen” — in the case of 
the famous “Richmond” range of Milling and Drilling 
Machines, they are factors built-in at the blue-print stage 
by an expert design team and then translated patiently 
into reality by some of 
the finest craftsmen in 
Britain’s industrial North. 






















No. 3 VERTICAL 
MILLING MACHINE 


Table Size : 48” 11”. 
Capacity : 30” K 8” & 16”. 
12 Speeds — 12 Feeds. 
Automatic and QPT. to 
all motions. ——: 
Spindle Bored 
No. 40 B.S.S.T. 
Head Swivels 
45° Right 
or Left 
3” Vertical 
Spindle 
adjustment. 








H.B. 3/12 RADIAL 
DRILLING MACHINE 


12 Spindle Speeds 
20 - 960 R.P.M. or 
40 - 1800 R.P.M. 

4 feeds — .004 to 
013 ins./rev. 

Pillar dia. 12”. 
Spindle bored No. 4 
Morse taper. 

3 sizes 3’ 6”, 4’ 0” and 
4’ 6” radius of Drill 
Spindle. 











Range the 


world over ! 


HIGAMOND 





MIDGLEY & SUTCLIFFE LTD. = 
Hillidge Works, Hunslet, Leeds 10, England 0 
Telephone: 76032/3 Telegrams: ‘Tools, Leeds, England’ eeeer 
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Flip they’re open ! — Fiip they’re closed ! 
Clamp down on time wasted in screwing 
and unscrewing. Brauer TOGGLE Clamps 
give the quickest holding action for 
drilling, milling, glueing, bonding 

or welding, etc. The toggle clamp principle 
gives positive and accurate anchorage 
of the workpiece whatever the material 
or application. Send now for 

illustrated catalogue and technical data 
from Dept. 17, F. BRAUER Ltd., 
HARPENDEN, Herts. 


Member of the Cope Allman Group 


Brauer—makers of Europe’s largest 
range of Toggle Clamps. 
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PROCESS HEATING 





RF1/2 


Induction 
Heating 
Unit SkW 


This has a nominal power output of 3 kW for continuous 
operation and works at a frequency of 2 Mc/s. It is medium 
impedance output suitable for multi-turn coils, and included 
among its many applications are brazing, hard and soft soldering, 
hardening and tempering. It allows heat to be concentrated just 
where it is wanted. 

The oscillator valve is water cooled, which dispenses with the 
need for a blower and air filter, enabling the equipment to be 
small enough to stand on a bench. The same water supply is 
used to cool the work coil. 

The heater has been designed for simplicity of operation, 
enabling repetitive production work to be carried out by 
unskilled labour. 





Sob Sak es Ss TMS eater ce “age Tae: Seek che Sects a ane ise aa aaa ac SF SEI Sa, DR GO Sin ee. Sn a ak 4 
To Pye Ltd., Process Heating Division, 28 James Street, Cambridge P.E.12 ; 
Free Technical Advice is offered on the ' Please send me details of Pye Process Heating Equipment ‘ 
applications of R.F. heating to Temper- \ Il 
ing, Brazing and Hardening processes : MMI sansa syncsscesset es snnsonesaissasagitaveksocassvnpcensucvs eeussnde nes trot p4a add repisMt satan icerktad asl lon Scavintaan ; , 
etc. Ask our appointed agents for details ' Guremeeenatr SL Mey ar Rah 5 5 1 
of this and our other equipments or send ee ees so teary er i tee ' 
the coupon ' ADDRESS 3 

Ms sate tas ccs ne ge ket sa. sd ea sum ca acs RS i ame GU ls al eis: ak: es alg te ea a a ee a ae ae: 


PYE LIMITED - PROCESS HEATING DIVISION - Telephone: CAMBRIDGE 57590 
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Cheaper HOLES — truer HLOLES 
— when you instal the 

HUNT Tolerance-Masters. 

Everybody concerned with drilling 


or tapping in metal should know about them. 


Write for leaflet No. 14. 


A COMPANY 
| ] 
| A toot croup 





Herbert HUNT & Sons Limited 
Elsinore Road, Old Trafford, Manchester 16 
(Trafford Park 0663/4) 





Marconi radar gear accuracy 







equipment 


To ensure the utmost precision—so vital in radar gears— 
Marconi’s Wireless Telegraph Co. Ltd. rely on 

simple but exact checks with Goulder equipment, 
Designed with the greatest attention to detail 

and made from specially selected materials, 

Goulder equipment embodies the 

highest standards of accuracy and craftsmanship, 

The comprehensive range of Goulder gear measuring 
instruments includes five types of rolling gear testers, as 
well as involute testers and lead measuring machines. 
Special machines can also be made for 
particular requirements. 


Checking high accuracy radar gears 
on a Goulder No. 1 Rolling Gear 
Tester at Marconi’s Wireless Tele- 
graph Co. Ltd., Chelmsford. 


Goulders also make 
Worm and wheel testers * Hob tester 
Pitch testers + Sine tables 
Universal beam calipers * Jigs, fixtures 
Tools and gauges * Aircraft components 


We shall be pleased to advise on the best method of gear 
measurement for your needs—just telephone or write to: 


J.Goulder & Sons Ltd. 


Kirkheaton, Huddersfield. 
Telephone: Huddersfield 5252-3 
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anpunn Lathes 


at HEPWORTH & GRANDAGE LTD. 


Automotive component manufacture necessitates 
highly skilled personnel.Apprentices at Hepworth 
& Grandage’s Works, under ideal conditions, 
receive excellent training, employing the finest 
equipment. 

Three 70 Junior Lathes are included in the 
machine shop. 











WAKEFIELD ROAD 


WOODHOUSE & MITCHELI | BRIGHOUSE YORKS 


PHONE :— BRIGHOUSE 627 (3 LINES) 


GRAMS:— ‘WOODHOUSE BRIGHOUSE’ 
WM-31 
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Mechanical 





Steel 








We carry 





e Mild Steel 
& Carbon Steel 
j $ : Stainless Steel 
4 x TUBE 
$ 
Ay @ In scores of diameters and 
< wall thicknesses. 


@ In random lengths, or cut to 
any size (however short !). 


é @ Thick wall tube a speciality. 
e @ Send for booklet which gives full 
particulars. 
Markland Scowcroft 


LIMITED 
BROMLEY CROSS, NEAR BOLTON 


Telephone : EAGLEY 600 (5 lines) 
M136 
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ae. 
Looking in the 
right direction 





F. S. RATCLIFFE (ROCHDALE) LTD., 


Crawford Spring Works, Norman Road, Rochdale 
Phone: Rochdale 92/3. "Grams: Recoil, Rochdale. 















Let us 
be your 
machine 











Complete facilities plus 
precision & service second tonone | °° "*ll ss 
shaping, honing, 
@ Capstan and centre lathe work pea = 
@ Milling—all types to mem 
@ Surface and universal grinding every need. 
@ G-SIP jig boring ATO & ARE 
Approved 

MARSDEN & SHIERS LTD. 


Davis Road, Chessington, Surrey. Phone: Elmbridge 5333-4 
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Nitriding |, 
Steels 


for all 
wear 
resisting 
applications 








These special steels have become 
firmly established as the most 
suitable for engineering purposes 
where maximum resistance to 
abrasion is required. 

Nitriding steels offer the 
following advantages : 


@ The best degree of surface 
hardness for a particular job. 
@ Minimum distortion during 
nitriding. 
Surface cleanness after 
nitriding with complete 
absence of scale. 


ALLOY STEELMAKERS * FORGEMASTERS + STEEL FOUNDERS - HEAVY ENGINEERS 
THOS. FIRTH & JOHN BROWN LIMITED SHEFFIELD * ENGLAND 





for RELIABLE S.G. 


‘IRON CASTINGS 





Pioneers :n the development of this versatile 
new material, $.G. Iron, S. Russell & Sons Ltd. 
produce in addition to BS 2789 types 1, 2A 
and 2B, many other special types, including 
Austenitic. $.G. Iron gives a high yield strength 
combined with good machinability, the strength 
of steel and the rigidity of cast iron. It can be 
used as alternatives to many other and more 
expensive metals for a variety of applications, 
details of which will be gladly given. 

S.R.S. also supply all varieties of High Duty 
and Alloy Irons and Grey Iron for machine tool 
and general machining purposes, in a wide 
range of sizes and quantities. 


We shall be pleased to receive your enquiries. 


S. RUSSELL & SONS LTD 


FOUNDRY DIVISION 
Head Office: Bath Lane, Leicester. Phone: 23211 (6 lines) 
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PRESS SHOP AUTOMATION 


“Automation” conjures 
up visions of enormous 
plants, but to Udal it is 
a convenient word to 

embrace the many ways 

we have devised of doing 

jobs efficiently and mech- 
anically, for many leading 
manufacturers, true, but also 

for quite small concerns. 
Udal automation stems from 

a long experience of press shop 
problems, so although we take 
an imaginative approach, we 
have our feet firmly on the ground. 
We should be happy to discuss 
automation with you particularly 
where press shop applications are 
concerned . . You can depend on Udall. 





j. P. UDAL LTD., Safety & Production Engineers, 
Court Road, Birmingham 12. Telephone: CALthorpe 3114/6 














Specialists for many years in complete 
manufacturing of Pneumatic equipment. 
Improved methods of production enable 
us to make surplus plant available for 
undertaking other products in the wide 
field of General Engineering. 


SPEEDY DEL aETITIVE PRICES 





THESE MACHINES 
ARE READy To 
SERVE YOU ! 
® Her 

2447 0%! 
Capstans, 
e Drilling 
achi, 
O19 ns from 
Capacity, 
® Honing 
Machines from 

8” dia to | 2’ 

dia. 

















@ Horizontal and Vertical Milling. 
@ Turning Capacity 34” dia and 24” swing. 
@ Bar Automatics |j” dia max. @ Chucking Automatics 12” dia max. 
ALL ENQUIRIES WELCOMED 
COMMON LANE KENILWORTH 
Telephone Kenilworth 891 


WARWICKSHIRE 
Telex 31551 
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Biverenrer 


ELECTRIC 






The illustration below shows 







two of four cranes supplied 


OVERHEAD 





to the heavy forge at Hadfields 





Ltd., Sheffield. These cranes 






TRAVELLING 2 


are typical of many supplied 






GRANES 





to engineering works for 






carrying out a variety of 






arduous duties with contin- 





uous reliability. 





THE BUTTERLEY COMPANY LIMITED * RIPLEY * DERBY * ENGLAND ° Tel. RIPLEY 411 (9 lines) 
London Office: 9 UPPER BELGRAVE STREET, S.W.!. Tel: SLOANE 8172/3 EC 34 
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A COMPLETE 





WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
RANGE TO SUIT ALL DUTIES 










Whatever it is you need—large or small capacity 
—high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & Co. Ltd. 


IPSWICH 













Telegrams: Reavell, Ipswich Telephone No.: 56124 





Small diameter 
Plungers from 
Y2 ton—4 tons 
pressure 





Fast action 
Remote control 


If you are holding metal, wood, plastic materials, etc. in 
your manufacturing and assembly processes, you cannot 
afford not to have a copy of this folder showing many 
substantial time and money-saving applications. 


OWER JACKS 


LIMITED 
VALETTA ROAD, ACTON, W.3. 


Write for folder 290/C. 





Telephone: Shepherds Bush 3443/6 Telegrams: Newsorber, Ea!ux, London 





















Complete in One Volume - - - - 





BUSINESS COMPUTER 
SYMPOSIUM 


This book comprises all the papers (with discussions) 
read at the Business Computer Symposium held 
during the 1958 Electronic Computer Exhibition at 
Olympia. It forms one of the most important and 
significant books for industry and commerce published 
in recent years. At six sessions, executives from con- 
cerns of diverse nature and size — both private and 
State owned, gave an audience of management the 
benefit of their own practical experience in applying 
electronic computer techniques to their particular 
problems. Delegates were invited to question the 
speakers, and the result was that every type of device 
and its use in every kind of concern was fully 
explored. Specific subjects ranged from wages 
accounting to sales analysis, as well as the latest and 
most advanced techniques of business mathematics. 
Every progressive executive should possess this book. 
From all booksellers, price 75/- net. 


PITMAN 


Parker Street - Kingsway - London WC2 
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13 6-spindle 
Tooling for the subject component automatic bar 
showing the thread-rolling box machine 


(position 2) and the polygon box for 
generating the flats (position 3) 






































| 
1%" 13665” 
DIA. 1-3689" 
24 TP. 
‘onda 5 
1-390" A/F 
628” 


STEEL 4 


Showing the burnishing tool on the main tool slide 
at position 5. 


16°25 SECS 





6: feed stock, form, undercut thread dia., 
rough O.D., rough bore, face to length. 


I: rough drill, finish turn thread diameter. 
2: roll thread. 
3: generate flats, semi-finish bores. 


4: bore, finish-machine ball track, breakdown 
for part-off. 








TRADE MARKS 





5: burnish ball track, part-off. 











Spindles speed: 471 r.p.m. 
Cutting speed: 184 f.p.m. 








-S-A 469 
OOLS 
DIVISION 
























MAKERS B.S.A. TOOLS LTD - BIRMINGHAM 33 - ENGLAND 
SOLE AGENTS U.K. BURTON GRIFFITHS & CO. LTD., MACKADOWN LANE, BIRMINGHAM 33. STECHFORD 3071 
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RANGE OF QUALITIES 

Steels in the carbon range 0:08—0-85% 
Case — Hardening Steels 

Free Cutting Steels 

Low Alloy Steels 


RANGE OF PRODUCTS 
Billets from 3” square upwards 
Rounds 3” to 94” Squares 2” to 44” 
Hexagons 3” to 33” Flats 14” to 12” wide 
Coiled Bars 3” to ! 5” 

HARD SHAFT STEELS Cold Forging Quality Wires 
Colliery Arches, Props and Accessories 


MILD, CARBON AND 
ALLOY STEEL BARS 








THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHA 


6 
} 


iy TELEPHONE: ROTHERHAM 214 ELEGRAMS: YORKSHIRE, PARKGATE, YORKS. TELEX $414 





Today gas is the fuel in forging, annealing, 
rivet heating and other basic heat processes 

in shipbuilding and heavy engineering; gas 
also has specialised applications such as 
drying before shot blasting. Industrial Gas 
research and consumer service ensure 

that tomorrow gas will be Britain’s 

most economic fuel... AND TODAY— 
every industry and 12 million homes use GAS. 


ISSUED BY THE GAS COUNCIL 








